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With Decibel Products’ Filters, 
You'll Follow A Pattern That’s Clearly Superior. 


Y) 


Follow the smart pattern you started by choosing Decibel Products’ high-quality base station antennas 
and coaxial cables. Choose our 30-1800 MHz filter products too. They'll clear the way to superior 
management and distribution of your radio frequency waves. 

Our extensive selection of filter products provide antenna systems that carry your voice and data 
information powerfully, clearly and completely. And they perform pfecisely in virtually any wireless 
application. Here's why: 

* Superior electrical performance — gives you ideal selectivity, freedom from drift and optimized 

insertion loss versus isolation. 

e Extensive testing — ensures the absence of intermodulation generators. 

® Quality manufacturing — allows our materials, processes and 


workmanship to meet or exceed international standards, Saget ar 
¢ Unmatched technical support — provides expert guidance for Order Hotline 1-800-676-5342 
your most complex filtering applications.: rg 
Call our Systems Engineering Department today at 1-800-676-5342. FRAMES) Fay 214.631.4706 


And give yourself the clear advantage you deserve. : 
give ge ¥ Your Wireless Connection.” 


Circle (1) on Fast Fact Card 


a 


The 10-site radio controller 


Gooseneck 
microphone 
optional / 


optional 


Vega’s C-5111 10-line/4-frequency console 


ega‘’s Model C-5111 compact, eas- 
Vi rack-mounted, ten-line /four- 

frequency radio control console 
provides instant PTT, timed mute, and 
other most-needed features. This tone- 
format console allows you to quickly 
select one or any combination of up to 
10 remote base stations. A second 
speaker allows you to monitor (with in- 
dividual volume controls) any combi- 
nation of those 10 stations that are not 
already selected for TX/RX control. 
Instant PTT switches allow immediate 
response toa call ona particular “se- 
lected” or “unselected” line, without 
disturbing the programming of the “se- 
lected” simulcast group or line. 

Standard features available on the 

cost-effective and versatile C-5111 con- 
sole include: 


@ SELECTED switches for select- 
ing any combination of lines 
for transmitting and receiving 


m@ UNSELECTED switches for 
monitoring any combination of 
unselected lines 


= TX ALL (simulcast) switch for 
selecting all lines for both trans- 
mit and receive 


@ RX ALL switch for monitoring 
all unselected lines 


m Separate speakers and volume 
controls for “selected” (TX/ 
RX) and “unselected” (RX- 
only) audio 

= GROUP SELECT switch for 
easy selection of TX/RX line 
combinations 


@ TIMED MUTE switch to mute 
“unselected” audio temporarily 


@ Separate volume controls for 
each “unselected” line 


B= Instant-PTT switches for each 
line 


® = Line-activity LEDs (function 
on all lines, selected or not) 


mM Heavy-duty 120/240-V.. power 
supply (also runs on 12 Vt.) 
Options 


@ DCA-3 external three-line 
adapter for DC-format lines 


m™ Gooseneck and desk micro- 
phones, headsets, footswitch 


m DTMF pad 
m@ Cross mute 


m Clock, audio-level bargraph, 
and cross-mute indicators 


@ = Rack-mount kit 


The C-5111 has the flexibility to ac- 
commodate most any multiline console 
requirement. Call 1-800-877-1771 (toll- 
free) now for full details on the C-5111 
console. 


Signaling Products Group 


9900 East Baldwin Place 
El Monte, California 91731-2294 
Telephone: (818) 442-0782 
Toll-Free Telephone: 800-877-1771 
Fax: (818) 444-1342 
FaxBack: (818) 444-2017 
Toll-Free FaxBack: 800-274-2017 
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Volume 13, Issue 3 


features 


10 Single-point grounding 
for communications 


sites 
Bruce A. Kaiser 
Single-point grounding is the 
most critical element of a 
three-part process involving 
effective bonding and ground- 
ing, transient voltage surge 
suppression and structural 
lightning protection. 
26 Managing multiple- 
vendor networks 
Tim Daily 
Prepare for managing a multi- 
vendor network by selecting 
vendors that understand the im- 
portance of network manage- 
ment and support the emerging 
management standards. 


36 


Diversity reception 
controller helps radio 


system performance 
Shane Fitzgerald 

Part 2—Using amplitude sens- 
ing, analog logic and output 
filtering along with low-cost 
integrated circuitry, an ideal 
selection diversity controller 
brings the advantages of diver- 
sity reception to commercial 
mobile communications. 


How CDMA is applied 
to cellular telephone 


service 

Ken Thompson 

and Dave Whipple 

Here are the inner workings of 
the CDMA technology being 
implemented by several cellu- 
lar telephone carriers. Trans- 
mitter and receiver test require- 
ments are discussed. 


On the cover: A technician uses a portable 
wireless measurement tool to check paging sys- 
tem performance. Photo courtesy of Grayson 
Electronics. Forest, VA. 


The journal of mobile communications technology 


65 Paging reliability tests 
help to increase 
subscribers 
Tim Garrett 
Technical measurements can 
help paging carriers to ensure 
customer satisfaction. Using 
portable equipment with ex- 
tensive analysis capabilities 
speeds tests and keeps meas- 
urement costs within reason. 


departments 


4 Editorial 


6 Calendar 


8 Technically speaking 
Harold Kinley, C.E.T. 
Intermodulation distortion. 

Ta Regulating technology 
Robert H. Schwaninger Jr. 
Believe it or not. 
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New products 
Pyramid Communications is 
the “Readers’ Choice.” 


76 
76 


Literature 


News 
MCI enters into agreements 
with PageNet, SkyTel. 


77 
96 
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Ad index/hot line 


Find advertisers quickly. 


Mobile Radio Technology (ISSN 0745-7626) iy published 
monthly by Intertee Publishing Corporation. 9800 Metcalf. Over- 
land Park, KS 66212-2215, and mailed free to qualified persons 
within the United States and Canada. Secund-clasy postage paid 
at Shawace Mission, KS, and additional mailing offices. POST- 
MASTER. Seni address change 10 Mobile Radio Technology. 
P.O Boy 12960, Overland Park, KS 66282-2960. 
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another 


BREAKTHROUGH 
rom RANSCRYPT * 


Trariectyet™ has been sitet pier voice privacy solutions 
for more than 16 years to over 10,000 public safety, government, and 
industry users in 88 countries around the world. Call us to talk 
about adding protection to your Land Mobile Radio (LMR) or 
cellular communications. We're ready to listen... Privately. 


¢ Superior Voice Quality 

¢ Patented Continuous Sync. Process 

¢ Compatible With Over 1500 Types Of Radios 
¢ Affordable 

* Security Levels To Fit Your Requirements 

* Compact Size 

*“ Low Power Consumption 

¢ Over-The Air Reprogramming (QTAR) 
‘Works Through Existing Systems 


4800 NW 1st Street, Lincoln, NE 68521 USA 402-474-4800 » FAX 402-474-4858 Circle (5) on Fast Fact Card 
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ditorial 


FCC vs. James Kay: Enforcement or vendetta? 


On July 17. James A. Kay Jr. a Los 
Angeles radio system operator, will have 
an opportunity to appear at an FCC hear- 
ing (postponed from March 27) involving 
164 land mobile radio licenses. The com- 
mission designated the hearing in connec- 
uion with an Order to Show Cause and the 
possible revocation of the licenses and the 
possible issuance of a forfeiture order (a 
fine) after Kay sued three of its employ- 
ees. W. Riley Hollingsworth, Terry L. 
Fishel and Anne Marie Wypijewski. on a 
complaint that they violated his civil 
rights. 

Kay's complaint is specific. It details 
how the FCC employees may have denied 
him due process of law, may have at- 
tempted to conduct an unreasonable 
search, may have taken his property un- 
lawfully and may have violated his right 
of privacy. 

The FCC's order is, on the other hand, 
vague. Part of it ts based on what the com- 
Mission says are complaints from others 
that Kay may have violated construction 
rules for some of his licensed stations, 
but it does not say which stations and 
when. Another part of the order alleges 
that Kay falsely reported the number of 
mobiles his stations serve (referred to as 
loading), but again without saying which 
stations and when, Defending against 
such allegations requires knowing times 
and places, Can you imagine trying to 
defend yourself in a driver's license revo- 
cation hearing, for example, if the motor 
vehicle bureau said it wanted to revoke 
your license for speeding, but did not say 
when, where or how fast? 

Another part of the order alleges that 
Kay did not respond to requests for written 
statements of fact required by law. So far 
as we know, Kay responded to all such 
requests, but the problem scems to be that 
someone in the FCC does not like his an- 
swers. He did not include customer lists 
that later could be distributed to his com- 
petitors, for example. Customer lists are 
valuable to competitors, and once deliv- 
ered to the FCC, they can be placed in the 


hands of the public by various processes. 
In fact. the FCC has demonstrated its ca- 
pacity to distribute confidential informa- 
tion about Kay to his competitors on its 
own initiative. 

Another part of the order alleges that 
Kay “may” willfully cause interference to 
radio systems, Not that he does, but that he 
may, and again without saying where or 
when, 

The administrative law judge assigned 
to the hearing. Richard Sippel. had ordered 
the FCC and Kay to submit status reports 
on Jan. 24. including a list of any witnesses 
they expected to call. Kay submitted a list: 
the FCC said it was not ready to name 
witnesses. It named no witnesses who 
would testify as to his character qualifica- 
tions to be a commission licensee. and no 
witnesses who would substantiate the alle- 
gations in the order to show cause. This 
seems incredible. Does the FCC have any 
witnesses to the alleged misuse of com- 
mission processes. loading violations and 
malicious interference? 

In previous cases, the FCC has demon- 
strated the ability to write an order to show 
cause that describes “who did what. and 
when and where it happened.” If it has 
sufficient evidence to support its allega- 
tions against Kay, why wouldn’t it write 
an order to show cause that demonstrates 
the strength of its case? Why wouldn't it 
comply with the judge’s order to submit a 
list of witnesses? 

We don’t know whether Kay has vio- 
lated any FCC rules or federal laws in the 
conduct of his business and the operation 
of his radio systems. We do know that he 
is entitled to fair weatment. This order to 
show cause is so vague and makes so many 
allegations without reference to times and 
places that it apparently is being used in an 
attempt to damage Kay's business, rather 
than to remedy rule violations, Kay has 
been standing up to what he sees as abuses 
of authority by FCC employees, and it 
looks as though the commission is seeking 
retribution, 

—Don Bishop 
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In the weeks and months ahead, you'll hear 
more about The Test You Can Trust: The 
quality. The reliability. The responsiveness. 
The ruggedness. And the efficiency that is 
inherent in Motorola Communications 
System Analyzers. 


We invite you to stay a step ahead: Call, 
write or FAX the coupon below —- and you'll 
become part of the “Motorola Test Network.” 


You'll receive advanced product information, 
posters, product videos, news briefs and the 
latest updates. Plus it’s FREE OF CHARGE! 
Sign up today. 


(4 Yes, sign me up for the Motorola Test Network mailing list today! 
Name 

Title 

Company 

Address 

City 

Country 

Phone 


(MA) MOTOROLA 


Communications Test Equipment 
P.O. Box 2606 

Scottsdale, AZ 85252-2606 

(800) 235-9590 Ext. 88 

FAX: (319) 395-9719 
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C alendar 


March 


13-14—AMTEX, the American Mobile Telecommunications 
Association's Marketing and Technology Conference and Exposition, 
The Buttes, Tempe. AZ. Contact: 202-331-7773. 

16-17—Government Land Mobile Communications Conference, spon- 
sored by TMSA Conferences, Rosslyn Westpark Hotel. Arlington, VA. 
Contact: Steven Silver, 310-334-4871. 

20-23—Supercomm, sponsored by USTA and TIA. Anaheim Conven- 
tion Center, Anaheim, CA. Contact: 202-326-7300. 


April 

3-5—Energy Telecommunications and Electrical Association, George 
R. Brown Convention Center, Houston. Contact: 214-235-0655. 

25-27— International Wireless Communications Expo/Spring, Lis 
Vegas Sands Convention Center, Las Vegas. Contact: 800-828-0420. 


May 


17-19—Mobile Communications Conference, sponsored by the Per- 
sonal Communications Industry Association (PCIA). Hotel del 
Coronado, San Diego. Contact: Naney Palleschi, 800-759-0300, 

31-June 2—Radiocomm, Toronto Metropolitan Convention Center, 
Toronto. Contact: 613-233-4888. 


July 

26-28—Vehicular Technology Conference, sponsored by IEEE Vehicu- 
lar Technology Society. Hyatt Regency Chicago O'Hare. Chicago. 
Contact: Keith Paglusch, chairman. 312-399-2378. 

31-Aug. 4—Utilities Telecommunications Council, Hyatt Regency and 
Convention Center, Minneapolis, Contact: 202-872-0030. 


August 
13-18—Association of Public-Safety Communications Officials—tin- 
ternational National Conference, Detroit, Contact: 800-949-2726. 


September 

20-23—Personal Communications Showcase, sponsored by the Personal 
Communications Industry Association (PCIA), Orange County Con- 
vention Center, Orlando. FL. Contact: 800-326-8638. 


October 

18-20—International Wireless Communications Expo/Fall, 
Convention Center, Tampa, FL. Contact: 800-828-0420. 

26—ERA Communications Trade Fair, Ala Moana Hotel. Honolulu, 
Contact: 310-287-1218. 

29-Noy. |—Wireless Apps, sponsored by the Cellular Telecommunica- 
tions Industry Association, The Mirage Hotel, Las Vegas. Contact: 202- 
785-O08 |. 


Tampa 


November 

7-9—WirelessWorld Conference and Exposition, sponsored by Ce/fu- 
tar Business and Mobile Radio Technology magazines, Moscone Con- 
vention Center. San Francisco. Contact: Chris Lotesto, 800-458-0479, 

$-12—Communications Marketing Conference, sponsored by the Com- 
munications Marketing Association, Albuquerque, NM. Contact: 
Bernie Brownson, 303-371-8182. 

17—Radio Club of America, Communications Symposium, 86th Anni- 
versury Dinner and Awards Presentation, New York Athletic Club, 
New York. Contact: Ron Formella. 201-652-6811. 


1996 


March 


23-25—Wireless "96, sponsored by the Cellular Telecommunications In- 
dustry Association. Dallas. Contact: 202-785-0081. 
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The MXP25 provides fast unit identity (ANI), but 
doesn’t stop there. 


As your call management needs expand, the 
MXP25 expands with them. The Hot Key feature 
senses and reports ignitions that are OFF or ON. 
Add a Map/Stat/Keyboard and report fleet conditions 
in the blink of an eye. Assure worker safety with 
Man-Down/Hot Mic Alarms. 


ANI today— the whole banana tomorrow! Your 
needs may change, but with the expanded features 
of the MXP25, you'll be ready. 


For MoreThan Just ANI 
Call Toll Free: 
1-800-638-5577 


NX ® : "Ty nA IA VA, I 2 Yee 


4800 Bethania Station Road, Winston- Saleié, NC 27105-1201 
In North Carolina Call: (910) 744-5050 or FAX (910)744-5054 SAFETY =—Man-Down/Hot Mic 
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OUTPUT (dBm) 


INPUT (dBm) 


Figure 1. The 1dB compression point of an 
amplifier. 


Intermodulation distortion 


By Harold Kinley, C.E.T. 


An overdriven or overloaded amplifier 
distorts the signal it is intended to amplify. 
Intermodulation distortion (IMD) de- 
scribes one type of distortion that results. 

Figure | above left shows the result of 
overdriving an amplifier. With low input 
levels, the amplifier’s output signal gives 
a true reproduction of the input: signal. 
However, when the input signal reaches a 
certain level, compression begins. Note 
the point where the output signal is com- 
pressed by IdB. which means that the 
output level increases 1dB less than the 
input level. For example, when a 3dB in- 
crease in the input level produces a 2dB 
increase in the output level, as illustrated 
in Figure |, 1dB compression has oc- 
curred. Specifications for many amplifi- 


LEVEL OF INPUT SIGNALS 


Figure 3. A spectrum analyzer's dynamic range equals the difference of 
the reference tones (A or B) and the level of the IM signals as the IM 
signals rise just above the spectrum analyzer’s noise floor. 


GENERATOR 
A 


COMBINER 


RENEE IOS 


SPECTRUM 
ANALYZER 


Figure 2, A simplified test setup for determining a spectrum analyzer's dynamic range. 


ers and other devices include the IdB 
compression point. 

When compression begins, IMD results. 
The IMD begins at a low level and rises 
rapidly as the input level increases beyond 
the point of compression. 


Test setup 

Figure 2 above right shows a simplified 
setup for measuring IMD produced in the 
spectrum analyzer. Essentially a sophisti- 
cated superheterodyne receiver, a spec- 
trum analyzer can have the same problems 
as any other superheterodyne receiver. In 
this test setup. generators A and B gener- 
ate two continuous wave (CW) tones al 
RF frequencies. A special combiner (not a 
simple “T™ connector) combines their out- 
put and connects it to the spectrum ana- 
lyzer input. When the input levels to the 
spectrum analyzer begin to overdrive or 
overload the analyzer, [MD occurs. Third- 


order IMD signals at frequencies of 2A — 
B and 2B - A form. (2A — B is two times 
the frequency of tone A minus the fre- 
quency of tone B,) 

Highly accurate tests require a more 
complex test setup than depicted in Figure 
2. For example, a low-pass filter should be 
inserted between each generator and the 
combiner to suppress harmonics. and a 
high degree of isolation must be provided 
10 prevent interaction between the two 
generators. The combiner provides some 


(continued on page 68) 


Kinley, a certified electronics technician, is re- 
gional communications manager, South Carolina 
Forestry Commission, Spartanburg. SC. He is the 
author of Standard Radio Conununications 
Manuals With fastrumentation and Testing Tech- 
niques, Prentice-Hall, 1985, He is a member of 
the Radio Club of America. 


Figure 4. At the theoretical third-order intercept point, the level of the IM 
signals equals the level of the reference tones. Severe amplifier com- 
pression would prevent this condition from occurring in a practical 
amplifier. 
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WHEN HUGO B 
ANTENNAS AWAY 


OUR PIROD TOWERS JUST STOOD 
THERE AND WATCHED. 


7 Solid rod, free-standing or 
“When Hugo hit, our solid rod PiRod towers just guyed towers custom designed 
to your specifications. 


stood there and took it. The storm ripped away 
many structures in this area .. . | think our PiRod 


towers were among the very few towers left 


{™. 


a virtually undamaged. I remember . .. 1 purchased 


David Sharp ; 
Vice President, Operations 9 MWeW antennas, called the people at PiRod for new For a free guide to tower selection 
The Virgin Islands 


and fast, courteous response to your 
Telephone Company 


brackets and we were back in business!” requests for quotation, contact: 


— P.O. Box 128 
Plymouth, Indiana 46563-0128 
Telephone (219) 936-4221 


Solid Rod, Solid Service, Solid Value IN PROD ne 
WN e 
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Single-point grounding 
for communications sites 


Single-point grounding is the most critical element of a three-part process 
involving effective bonding and grounding, transient voltage surge 
suppression and structural lightning protection. 


By Bruce A. Kaiser 


“Single-point grounding” is a current 
buzzword in protecting communications 
sites from the ravages of lightning and 
general ground transients. 


Kaiser is president of Lightning Master. 
Clearwater, FL. 


AC POWER 
SERVICE 
ENTRANCE 


POWER 
SUPPLY 


EQUIPMENT 


TRANSMISSION 
LINE SERVICE 
ENTRANCE 


LIGHTNING STRIKE 


What is single-point grounding? Actu- 
ally, the term, as used here, is a misno- 
mer. Single-point ground electrical poten- 
ial referencing has nothing to do with the 
grounding system itself or with the provi- 
sion of only a single path from a particu- 
lar piece of equipment back to the inter- 
nal grounding provisions. The grounding 
system is determined by the soil condi- 
tions and other factors at a specific site. 
As a practical matter, it is impossible to 


TELCO 
SERVICE 
ENTRANCE 


provide modern equipment with one, and 
only one, ground return path to the inter- 
nal grounding provisions. 

Single-point ground electrical poten- 
tial referencing means connecting all 
site equipment to the grounding system 
at a single point, or, more precisely, 
bonding all communications site equip- 
ment to the grounding system in such a 
way that all of the equipment samples 
ground potential at one, and only one, 


POWER 
SUPPLY 


EQUIPMENT 


SP GROUND 


LIGHTNING STRIKE 


Figure 1. At many sites, the ac power service entrance is at one end of 
the equipment shelter, the telco service entrance is at one side, and the 
transmission line service entrance is at the end opposite the ac power 
entrance. Each service is grounded where it enters the shelter. When 
lightning strikes near the site, the ground potential changes across the 
site due to secondary effect. 


Figure 2, Make the transmission line potential the site reference potential 
by placing a large copper bus bar on the equipment shelter's outside wall 
below the transmission line service entrance. Install a transmission line 
grounding kit and bond it to the bus bar. Run a large lead from the bus 
bar to the site grounding system to place the RF side of the site equip- 
ment at the potential of the bus bar. 
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TO LOOK 
FOR IN A. 


A low cost interconnect that can be used straight simplex or through any 
conventional or trunked repeater system. (Please see export! note below). 


When comparing, piease note that features such as Electronic Voice 
Delay, 90 memory speed dialer, built in keypad, and programming 
display are standard. 


)( 


A low cost interconnect for full or half duplex operation. Half duplex privacy 
mode is selectable. Has a built-in repeater maker. Speed dial capacily now 
increased to 90 numbers. 


Alow cost simplex interconnect which gives the mobile positive control. Smart 
sampling places samples between words, so words are never lost. VOX 
Enhanced or VOX Controlled sampling are user selectable. 


I 


An advanced interconnect for Base or Control Station applications, User 
selectable VOX Simplex, Enhanced Sampling Simplex or Half Duplex 
operation. Also has a built-in repeater maker, Will operate through 
conventional or trunked repeaters. (Please see export note below) 


Options: 1/2 second Electronic Voice Delay, CTCSS operation, Dial 
click detection, Aux. relay, DTMF, CTCSS, 2 Tone or 5/6 Tone signalling. 


An interconnect for full or half duplex operation. Half duplex privacy mode is 
selectable. Also has 4 built-in repeater maker. 


Options: CTCSS operation, Dial click detection. Aux. relay, DTMF, CTCSS. 
2 Tone or 5/6 Tone signalling. 


‘AutoRemote’ allows every phone on a KSU or PBX to double as a Radio 
Remote. Electronic Voice Delay is standard. Please note that the 6800 is 
not an interconnect and can be used In any city in the USA, 


Option: DTMF, CTCSS, 2 Tone and 5/6 Tone signalling. 


The RTS system is used to pul ordinary tone or pulse talephones into loca- 
lions where wire service is not available 


EXPORT NOTE: Models CS-900 and 9800 have export versions thal can dial 
through second dial tones with long wait delays, has Dial Click to DTMF 
signalling, and recognize non USA busy signals and dial tones, 


cal Ray Dashner a 
today for the complete story! 


In Canada: Cartel (800) 663-0070. Eastcom (800) 263-2323 
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TOLL PREE 
ORDERING AND 
TECH SUPPORT 


(The price of Z competition's patch goes up 
when you order and with each tech help call 
because they do not support you with a tell 
free line). 


iB REE B 


BUILT-IN 
PROGRAMMING 
DISPLAY AND 
KEYPAD 


Beware of patches that are programed with 
DTMF. There tx no way te verify entries ar te 
review previous entries. Ne patch can be set 
up as quickly and easily as a CSI patch. 


ACELLEM! 


Only high linearity op amps are used, 
Better audio quality simply dees not extyt! 


QUALITY / 


RELIABILITY 
RELL 

For thirteen years CSI hax earned au impec- 
cable track record for patches that work 
and keep on werking! 


FCC / DOC 
APPROVED 

Beware: Some patches offered far sale are 
nor approved for connection to tre PSTN! 


T Tis 

f ‘ 

VALUE 
CS? brings you more patch per dollar than 

any competizor, 


ATURES 


Many of var standard features are iiat 
avatlable er optional in competing nodely, 
Kor exampte; 9O memory speed diater, 
Redial. Five Click Antodial, CW LD ane 
mare. All features are user selectable 
and programmable. 


XE ....... Systems Inc. 


2259 Portola Rd. 
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point (hence, single-point). services. that difference in potential equal- 
izes within the radio, causing damage or 
‘Potential’ damage accelerated wear. The same risk applies to 
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equipment. Communications site equip- 
ment does not include door frames, air 
conditioning ducting or the tower.) 


Single-point ground definition 

Envision an imaginary plane at or just 
below the floor of the site. All of the site 
equipment is appropriately bonded to- 
gether above this plane, and an appropri- 
ate grounding system is established below 
this plane. Those two systems are bonded 
together at one. and only one, hole through 
that plane. Therefore, all equipment within 
the site is at the ground potential of that 
single point. The single-point ground is 
defined as the point at which the unified 
ground passes through this plane. 

Several ground potentials are involved 
in a typical communications site. The first 
set of ground potentials is associated with 
ac power, telephone lines and RF trans- 
mission lines to the site. The second set is 
associated with the various electrical and 
electronic equipment chassis. There are 
other sources, too, but the following infor- 
mation covers these two. 

Changes in ground potential across a site 
may be caused by a variety of factors, but 
the most dramatic and familiar is light- 
ning. During a thunderstorm, the charge at 
the base of the storm cloud induces a 
shadow of opposite charge on the surface 
of the earth beneath it. As the storm cloud 
blows along through the atmosphere, this 
ground charge, or more accurately, carth 
surface charge, is dragged along the sur- 
face of the earth beneath it, 

Cloud-to-ground lightning results when 
the difference in electrical potential be- 
(ween the storm cloud charge and the 
ground charge exceeds the dielectric of the 
intervening air. That air breaks down ina 
series of steps, and the lightning strike 
occurs, When lightning strikes a particular 
point on earth. the ground charge at that 
point is vacated relative to the surrounding 
ground charge. The surrounding charge 
rushes to the point of the strike. 


Ground charge distribution 

Looking at the distribution of ground 
charge immediately after a strike. it is 
apparent that the ground charge poten- 
tial will change with distance from the 
strike. A point close to the strike will be 
al a quite different potential compared 
to another point al a greater distance 
from the strike. Ifa ground rod is driven 
at each of these points and the electrical 
potential between the two rods could 
be measured during a lightning strike, 
the measurement would indicate a 
dramatic and almost tnstuntaneous dif- 
ference in potential between the ground 
rods. If a power supply were grounded 
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to one of the rods and a radio powered 
by it were grounded to the other, during 
a strike the radio would see a difference 
in electrical potential between its power 
input and chassis. This difference in 
electrical potential will equalize within 
the radio. 

At many sites, the ac power service 
entrance is at one end of the equipment 
shelter, the telco service entrance is at one 
side, and the transmission line service 


entrance is at the end opposite the ac power 
entrance. (See Figure I on page 10.) Each 
service is grounded where it enters the 
shelter. When lightning strikes near the 
site, the ground potential changes across 
the site due to secondary effect. The propa- 
gation rate of the ground charge causes a 
difference in ground potential (dashed 
lines) at each service entrance ground. The 
equipment within the shelter therefore sees 
a difference in potential between the RF 
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input at the potential of ground No. 1. the 
power input at the potential of ground No. 
3, and the telco input at the potential of 
ground No, 2. That difference in potential 
is equalized across and within the equip- 
ment, causing wear or damage. 


Transmission line ground 

With respect to the ground potential of 
the services to the site, the most difficult 
service potential to control is the transmis- 
sion line from the tower. This potential is 
difficult to control in part because the 
tower usually is several yards away from 
the shelter, and the tower’s potential is 
constantly changing. 

The transmission line ground potential 
can be limited relative to the rest of the 
site, or the transmission line potential can 
be made the reference potential for the 
remainder of the site equipment. Based on 
experience with Florida cell sites, the sec- 
ond solution is easier to implement—and 
actually more effective. 


Grounding configuration 
The transmission line potential can be 
made the site reference potential (single 


When lightning strikes 
near the site, the ground 
potential changes across 

the site due to 
secondary effect. 


point) by placing a large copper bus bar on 
the equipment shelter’s outside wall just 
below the transmission line service en- 
trance. A grounding kit is installed on the 
transmission line (in addition to the 
grounding kits already installed at the top 
and bottom of the tower) and bonded to 
the bus bar. A large lead is run from the 
bus bar to the site grounding system. This 
configuration places the RF side of the site 
equipment at the potential of this bus bar. 
(See Figure 2 on page 10.) 

Then we route the ac service to the site 
so it meets the equipment shelter just to 
one side of the transmission line service 
entrance. At the main disconnect, the ac 
neutral and ground are bonded together, 
and a ground lead extends from that box. 
This ground lead should be attached to 
either the transmission line service en- 
trance bus bar or to the large ground lead 
from that bus bar above the point at which 
it attaches to the grounding system. This 
assures that the ac power side (and low 
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Figure 3, One of two things can be done about transmission line ground 
potential: It can be limited relative to the rest of the site, or the transmis- 
sion tine potential can be made the reference potential for the remainder 
of the site equipment. Based on experience with Florida cell sites, the 
second solution is easier to implement and actually more effective, as 
shown above, 
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equipment will be at the same potential as 
the transmission line bus bar and therefore 
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at the same potential as the RF side of the 
equipment. (See Figure 3 above left.) 
Then the telco service is routed to the 


WHAKECvMi. 
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RING 


INTERNAL 
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Figure 4. In many sites, an internal halo ground is installed at the shelter 
perimeter and bonded to ground at all four corners. Site equipment is 
bonded to the halo at a convenient location, so any given piece of equip- 
ment samples the closest grounding point. During a nearby lightning 
strike, the ground potential at one corner of the site could differ vastly 
from the ground potential at any other corner. 


site so it meets the equipment shelter on 
the opposite side of the transmission line 
service entrance. The ground lead extend- 
ing from the telco service box is attached 
either to the transmission service entrance 
bus bar or to the large ground lead from 
that bus bar above the point where it at- 
taches to the grounding system. This con- 
figuration assures that the telco side of the 
site equipment is at the same potential as 
the transmission line bus bar and therefore 
at the same potential as the RF and power 
sides of the equipment. 

With this arrangement, any difference in 
ground potential among services to the site 
is equalized at the single point, and the site 
equipment samples all ground potentials at 
one, and only one, point: the single-point 
ground. A nearby lightning strike would 
produce the same step potential across the 
Site, but because all site equipment is at- 
tached to services sampling the ground po- 
tential at only one point (and there is no 
other ground reference potential), the equip- 
ment sees no current flow across or within 
it to equalize electrical potential. 


Converting existing sites 
This arrangement is effective and easy 
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to design into a new site. But what about 
an existing site? The internal distribution 
routing of ac power and telco lines is al- 
ready established, and it is difficult and 
expensive to change it. The answer is to 
leave the existing internal distribution 
routing intact and just move the service 
entrances. With the ac power, move the 
main disconnect to a location near the 
transmission line service entrance and 
ground it to the single point. Then run a 


“primary jumper” internally back to the 
existing distribution panel. This way, none 
of the distribution routing needs to be 
changed. 

The same technique should be employed 
with the telco service. Move the demarca- 
lion or service entrance to the transmis- 
sion line service entrance and establish its 
ground at the single point. 

As expensive as it may be to move serv- 
ice entrances. it is less expensive than re- 


RF SYSTEM PRODUCTS LINE 


Widely recognized quality, performance and reliability. The 
perfect choice for your critical multicoupler system applications. 


ISOLATORS AND RF LOADS ... 


Conservatively rated, ruggedly built for 
tough radio environments, 118 to 960 MHz. 


PRESELECTORS ... 
High-performance cavity and combline 
preselector filters, 66 to 960 MHz. 


Ge os 


PREAMPLIFIERS ... 
Low-noise, ultralinear Class A 
bipolar amplifiers, 66 MHz to 1 GHz. 


VIN 
MORK 
IS 


OTHER RF PRODUCTS ... 
Hybrid couplers, harmonic filters, RF 
decouplers, splitters, attenuators, 
cross-band antenna couplers. 


Write for RF System Product Line literature. 


MULTICOUPLER SYSTEMS + SIGNAL BOOSTER SYSTEMS 
DUPLEXERS + CAVITY FILTERS » AF SYSTEM PRODUCTS 


| TX RX SYSTEMS ING. 8625 INDUSTRIAL PARKWAY, ANGOLA, NY 14006 
= TELEPHONE 716-549-4700 FAX 716-549-4772 (24 HRS.) 


Circle (18) on Fast Fact Card 


Mobile Radio Technology © March 1995 


placing damaged equipment or equipment 
that wears oul prematurely. At least it Is 
not necessary to reroute the internal distri- 
bution of the ac power and telco lines 
within the shelter. 


Chassis grounding 

The next area of grounding concern is 
chassis grounding. In many sites, particu- 
larly older ones, an internal halo ground 
was installed around the perimeter of the 
shelter near the ceiling or floor and bonded 
to ground at all four corners of the shelter. 
(See Figure 4 on page 16.) Site equipment 
then was bonded to the halo at the closest 
or most convenient location, so that piece 
of equipment sampled ground potential at 
the closest grounding point. During a 
nearby lightning strike, the ground poten- 
tial al one corner of the site could be 


During a nearby 
lightning strike, the 
ground potential at one 
corner of the site could 
be vastly different from 
the ground potential at 
any other corner. 


vastly different from the ground potential 
at any other corner. The chassis potential 
of each piece of equipment will be closest 
to the potential of the ground at the near- 
est corner of the building. The chassis 
potential of component A, as shown in the 
figure, will be close to the potential of 
ground No, 4. The chassis potential of 
component C will be close to the poten- 
tial of ground No, 5, and the chassis po- 
tential of component E will be close to 
the potential of ground No. 2. Because 
miuny pieces of equipment communicate 
with one another through data lines, and 
all of them share the power source, elec- 
trical potential differences equalize within 
and through the site equipment. 


Interior bus bar 

The solution is to bond the chassis of 
each piece of equipment to ground at the 
same point. (See Figure 5 on page 22.) The 
easiest method is to install a copper bus 
bar inside the shelter on the opposite side 
of the same wall as the external transmis- 
sion line bus bar. Each piece of site equip- 
ment is bonded to the internal bus bar, 
preferably with a bonding wire run from 
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Figure 5. The solution to equalize electrical potential differences within 
and through the site equipment is to bond the chassis of each piece of 
equipment to ground at the same point. The easiest method is to install 
a copper bus bar inside the shelter on the opposite side of the same wall 
as the external transmission line bus bar and bond each piece of site 
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Figure 6. What about existing sites with internal halos grounded at 
multiple points to the external buried counterpoise? Ground the internal 
bus to the external bus ground lead. Cut the internal halo at the end of 
the building away from the transmission line service entrance. Cut each 
wire grounding the internal halo to the external buried counterpoise and 


equipment to the internal bus bar. 


each chassis directly to the bus bar. The 
internal bus bar is bonded through the wall 
to the external bus bar, Ideally, equipment 
ground leads should be arranged across 


remove them from the walls. 


two internal bus bars according to how 
they produce or absorb surges, and whether 
they require non-isolated or isolated signal 
ground references. Whatever the case, all 
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equipment should be chassis-grounded to 
one potential. 

A nearby lightning strike now would 
produce the same step potential across the 
site, but because all site equipment chas- 
sis sample ground potential at only one 
point, and there is no other ground refer- 
ence potential, the equipment sees no 
current flow across or within it to equal- 
ize electrical potential. 


Buried counterpoise 

The real purpose of the external buried 
counterpoise around the shelter ts to pro- 
tect people and the site from the adverse 
effects of step potential across the site 
during a nearby lightning strike: therefore, 
the counterpoise is important and should 
be part of any site grounding scheme. Even 
SO, IS purpose is not to provide a conve- 
nient “bus” to which equipment grounds 
should be tied. 

The single-point chassis ground is ef- 
fective and easy to design into a new site. 
But what about existing sites with inter- 
nal halos grounded at multiple points to 
the external buried counterpoise? Fortu- 
nately, many problems at an older site can 
be solved with a good pair of wire cutters. 
First, ground the internal bus to the ex- 
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ternal bus ground Jead. Then cut the inter- 
nal halo at the end of the building away 
from the transmission line service en- 
trance, eliminating the large ground loop. 
Then cut all wires grounding the internal 
halo to the external buried counterpoise 
and remove them from the walls. This 
modification leaves each equipment chas- 
sis grounded only at the single-point bus 
bar. During this process, be certain not to 
leave any piece of equipment ungrounded 
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inadvertently. (See Figure 6 on page 22.) 
One of the ironies in this case is that it is 
less expensive and uses less material to 
ground the site properly than to install a 


multiple-point ground. 


Direct lightning strike 

In all of the previous examples, a nearby 
lightning strike has been the cause of dam- 
age. A direct strike to the tower, equip- 
ment shelter or utility service pole on the 
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site produces an even more impressive 
change in ground potential across the site. 
With a properly designed and installed 
single-point grounding system, the site 
should survive the ground potential change 
of even a direct strike. The electromag- 
netic pulse (EMP) and other eflects of a 
close strike, and methods of mitigating 
their damage, are another story, but they 
are not covered in this article. 

A Jew matters become apparent when 
considering single-point grounding of all 
services and equipment. The most obvi- 
ous is that it is much easier to design a 
new site to this standard than it is to 
modify an existing site. Equipment shel- 
ters can be specified and ordered from the 
manufacturer with all service entrances at 
the same end of the shelter and adjacent to 
one another. Site layout can specify that 
all services be routed to the same end of 
the shelter. By the way, if the site has 
water from a commercial service or from 
a well, the water pipe should enter the 
facility at the same location and should be 
bonded to the single point. If the shelter 
has a structural lightning protection sys- 
tem, one of its grounding points should be 
bonded to the single point. 


Transient suppression 

If single-point grounding manages to 
reduce all equipment chassis and service 
grounds to the same electrical potential, 
what about the “hot” or “line” sides of 
those services? Any excess difference in 
electrical potential between the line side 
and the unified ground sull will cause 
equipment damage or accelerated wear. 
Single-point grounding does not and can- 
not resolve that issues therefore, it is im- 
portant to install transient voltage surge 
suppression (TVSS) equipment in a 
“staged protection” design, with the pri- 
mary TVSS device at the service entrance, 
to prevent equipment damage caused by 
an excess diflerence in electrical potential 
between the ground and hot or line sides 
of the services. 

Lightning protection is a three-part 
process involving effective bonding and 
grounding, transient voltage surge sup- 
pression and structural lightning pratec- 
tion, Without all three elements. site 
equipment is not protected. Single-point 
grounding is but one element: neverthe- 
less. it is probably the most basic ele- 
ment and the most critical to design into 
a site. The single-point grounding can- 
cept is not empty theory. It has been 
field-tested in the most lightning-dam- 
age-prone areas of the country and has 
proven to be effective. Put this simple 
concept to work to reduce damage and 
equipment wear, 
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From the forge of world-wide competition 
comes the new Hustler Spirit series of 
vertical antennas. 

Designed to win the race to provide the 
highest performance and durability 
possible, at a price that leaves others in the 
dust. 

If you are driven to achieve a superior 
signal; if you need an antenna which is 
virtually impervious to wind and weather; 
if you want the best the world has to offer, 
catch our new Spirit-and win today. 


Model Showin: HS9-45070 

Also Available: Models from 136 MHz. to 2 GHz, 
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of gain configurations. 
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Managing multiple-vendor 
communications networks 


Sooner or later you may have to manage a multi-vendor network, so 
prepare yourself now by selecting vendors that understand the importance of 
network management and support the emerging management standards. 


By Tim Dailey 


As communications systems evolve into 
communications networks, service provid- 
ers must reconsider their management 
strategy. In the past, communications sys- 
tems often were provided by a single ven- 
dor with a single management system. 
More recently, customer demands for new 
features have fueled a trend toward multi- 
vendor communications networks that in- 
tegrate a variety of diverse technologies. 

For example, the enhanced digital ac- 
cess communications system (EDACS) 
trunked radio system manufactured by my 
employer forms a comprehensive commu- 


Dailey is program manager, EDACS manage- 
ment systems, Ericsson Private Radio Systems, 
Lynchburg, VA. 
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nications network by connecting with data, 
private branch exchange (PBX), micro- 
wave radio, and TI telephone networks, as 
shown in Figure | below. Attempting to 
manage this type of multi-vendor network 
with current technology usually leads to a 
room full of management stations, because 
each vendor provides unique management 
equipment and software. This configura- 
tion in turn forces the network administra- 
tor to master al] of the diverse manage- 
ment tools and to manually correlate the 
information provided by each. Clearly, a 
new management strategy is needed. 


Consolidation attempts 

Early attempts to consolidate these di- 
verse management systems included re- 
placing them with home-grown equipment 
and software or presenting all the unique 
screens on one machine, such as a per- 
sonal computer (PC) running multiple ter- 


DATA 
MANAGER 


TRUNKED 
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SYSTEM 
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REPEATER 
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Figure 1. The enhanced digital access communications system (EDACS) trunked radio system 
forms a comprehensive communications network by connecting with data, private branch ex- 
change (PBX), microwave radio, and T1 telephone networks. 


minal emulators. The first approach is 
costly, difficult to maintain and beyond the 
resources of most service providers. The 
second approach saves some space by re- 
ducing the number of terminals, but it fails 
to integrate the management information 
in a consistent and useful way. 


Network manager 

The best way to solve the problem is to 
create a network manager based on stan- 
dards. Each vendor then could develop 
management applications based on the 
network manager standards. Multiple ap- 
plications could be integrated simply on a 
single computer with a uniform user inter- 
face. A network manager would greatly 
improve network troubleshooting, repair 
and administration, resulting in lower op- 
erational costs and higher service quality. 

Fortunately, the creation of such a net- 
work manager is well underway. Internet 
computer network users long have felt the 
need for a standard management tool. 
Their needs drove the development of sev- 
eral new management technologies. Al- 
though these technologies were developed 
for Internet management, they are general 
in nature and are currently being extended 
to manage telecommunications and many 
other technologies. These technologies 
enable true multi-vendor management. 

A network manager contains three basic 
layers as shown in Figure 2 on page 28: 
standard management protocols, an open 
management platform and a large library 
of management applications. The founda- 
tion layer of a network manager includes 
standard protocols that exchange data with 
all network devices in the same way. This 
method simplifies integration by climinat- 
ing the need to develop a different proto- 
col for each type of device. Two protocols 
have emerged as the leading standards: 
simple network management protocol 
(SNMP) and common management infor- 
mation protocol (CMIP). These protocols 


Mobile Radio Technology © March (995 


4 New Winners from Midian 


_ accel 


4 
ITM 


af 
ioe 
= 
= 
Cy 


INS 


AWS 


Alii 


Y| 


Wy 
VS 
= > 
Sm 2 
a 

Gj 


ad \ 
ea 


To Order Call Toll Free: 1-800-MIDIAN’S 


Corporate Headquarters: (602) 884-7981 FAX: (602) 884-0422 
. World Leader in Innovative Communications Technology 


MIDIAN ELECTRONICS, INC. / 2302 East 22nd Street / Tucson, Arizona 85713 


Circle (24) on Fast Fact Card 


28 


SINCLAIR 
Exposed Dipole 


and | 


Combiners U | 


° -512 MHz 
Frequency Range |} 

© High Efficiency: 
Antennas 


if 
© Available in U 
2, 4, or 8-hays 


Circle (25) on Fast Fact Card 


Mobile Radio Technology 


Mareh 1995 


MANAGEMENT 
APPLICATIONS 


MANAGEMENT 


PLATFORM PCATEORM 


STANDARD 
MANAGEMENT Sa 
PROTOCOLS 


TRUNKED RADIO 


SYSTEM 


NETWORK TOPOLOGY 


TRUNKING | 
‘ ee 


REPEATER 
SITE 


Figure 2. A network manager contains three basic layers: standard management protocols, an 
open management platform and a large library of management applications. The foundation layer 
of a network manager includes standard protocols that exchange data with all network devices in 


the same way. 


allow a network manager to read and wrile 
management data stored in the manage- 
ment information base (MIB) of each de- 
vice, The protocols also enable the net- 
work devices to notify the network man- 
ager of status changes or alarm conditions. 
Although one protocol would be ideal, two 
are better than thousands, and these two 
protocols are supported by most manage- 
ment platforms. 

The intermediate layer contains the 


functions that glue the network manager 
SS EE ee 


components — to- 


for nonstandard protocols as well. The 
common management functions block can 
be subdivided into network monitoring. 
alarm processing and performance moni- 
toring. Network monitoring involves 
“pinging” each address on the network 
(i.e.. sending a message and waiting for 
the response). This step allows the plat- 
form to detect new elements on the net- 
work and to verify that known elements 
are still on line. The alarm-processing 
function stores network alarms in a data- 
base for tracking 


gether, This layer 
contains the man- 
agement platform 
that handles many of 
the low-level man- 
agement functions 
and provides a 
framework to ensure 
that all applications 
have the same look 


The intermediate layer 
contains the functions 
that glue the network 
manager components 
together: 


and reporting. up- 
dates the display 
and triggers user- 
defined actions 
such as sounding 
an audible alarm 
or issuing a page 
to the appropriate 
person. Perfor- 
mance monitoring 


and feel. The plat- 
form also combines 
information from all network elements, re- 
gardless of the vendor, in a synergistic way 
that enables the user to see the big picture 
and quickly identify problems. 


Typical management platform 

A simplified view of the typical man- 
agement platform is shown in Figure 3 on 
page 30. The platform contains four major 
elements: communications, conunon mait- 
agement functions, user interface and up- 
plications interface. The communications 
section coordinates the data exchange with 
network clements. The platform should 
support SNMP. CMIP and provide hooks 


involves collect- 
ing MIB values 
from any combination of network elements 
and continuously graphing the results to 
summarize network performance. This 
function is extremely useful for detecting 
bottlenecks and degradation of service. 
The user interface ties all of the manage- 
ment information together through a 
graphical network map and integrated 
menu system. The application interface 
provides standard interfages to the plat- 
form functions, allowing management ap- 
plications to build on the foundation estab- 
lished by the platform, The application in- 
terface also ensures that applications from 
different vendors work in concert to pro- 


YOU NEED POWERFUL FRIENDS 
IN THE RIGHT PLACES. 


JBRO puts ultra dependable mobile 
communications performance right in 
the palm of your hand...with the 
industry's most trusted line of high 
quality land mobile batteries. 
Manufactured to uncompromising 
quality standards, JBRO rechargeable 
batteries carry maximum power ratings 
to provide extra-reliable service in the 
harshest operating environments. With 
a complete array of sizes and models, 


BATTERIES, INC. 


JBRO has exactly the right battery to 
satisfy your specific application, 

And keep your rechargeable batteries 
performing at optimum levels while 
extending useful life with JBRO’s line 
of Telepower Conditioner/Analyzers. 

Call today for a free catalog on the 
industry's broadest line of finest 
quality batteries. 

Shake hands with a powerful, 
dependable friend... your JBRO battery! 


JBAO Batteries, Inc, 1938-A University Lane Lisle, |L 60532-2150 « Phone: 708/964-9358 Fax: 708/964-9081 Order Entry: 800/323-3779 Fax Entry: 800/237-6435 
JBRO Batteries SW, Inc. 25700 1-45 North #111 Spring, TX 77386 e Phone: 713/367-9393 Fax: 713/292-7139 Order Entry: 800/245-1138 
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duce the appearance of a single product 


with a consistent interface and operation. 

TRUNKED RADIO Management platforms are offered by 
SYSTEM several vendors including Hewlett- 
Packard, IBM, and Sun. Unfortunately, 
these management platforms are not inter- 


APPLICATIONS INTERFACE changeable. Each has unique features and 
applications interfaces; nevertheless, sev- 
eral efforts are under way to simplify the 


sharing of applications and data between 
the different management platforms. 


NETWORK TOPOLOGY 


MANAGEMENT: 


FUNCTIONS =] | ae 
Management applications 

"SvSTEM i The highest layer of the network man- 
ae ager contains management applications 
that flesh out the skeleton provided by 
the platform. These applications include 
product-specific management programs 
and integrated management-support tools. 
Though many management functions 
could be handled by a management plat- 
form alone, much time would be required 
to configure the platform for each network 


REPEATER SITE MICROWAVE element. Product-specific applications 
eliminate the need for most user con- 


; figuration by supplying icons, proper 
Figure 3. A simplified typical management platform contains four major elements: communica- olline and alarm defaults. pre-confis- 
tions, common management functions, user interface and applications interface. The communica- P Bé kites BaP a 
tions section coordinates the data exchange with network elements. The platform should support red performance graphs and reports as 
SNMP, CMIP and provide hooks for nonstandard protocols as well. well as configuration and diagnostics 
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If your power amplifier is beset with thermal breakdowns and inconsistencies 

then you need to buy Eagle Telecom Internationals’ line of SMR. Paging and Eagle Telecom 
Cellular power amplifiers. Eagle Telecom International's power amps are P 
manufactured with highly stable thermal materials that were originally intended International 
for use in earth orbiting satellites and other aerospace applications. Eagle 

Telecom power amplifiers exhibit high reliability under the most extreme 


operating conditions; and are truly “Out Of Ths World" in more ways than one. 
(713) 280-0488 
Manufactured in Houston, TX, USA. Fax: (713) 280-0381 
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POWER ON... 
with ASTRON. 


Astron Corporation is the leading manufacturer of high-quality 
power supplies and converters for the land mobile industry. 

With the new SL-11 series of low profile power supplies, specifi- 
Cally designed for base station applications, the setup is simple, 
easy and looks attractive. Just mount the radio, with the mounting SL-11A-RA 
pads (supplied with the power supply), to the top of the SL-11A 
(2%4"Hx7%"W x 9% "D) or the SL-11R (2% "Hx 7"Wx9%"D). 
The power supplies are very well regulated and will provide 11 
amps of current at a 50% duty cycle. The units have fold-back 
current limiting to protect them from overload and short circuit, 
and an overvoltage protection feature to protect the radio should 
the output voltage exceed a safe level. All SL series units are avail- 
able in dark gray or black. 

Power supplies and converters from Astron: our unsurpassed 
quality and reliability have made us the #1 choice in the communi- 
cations industry. 
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with lines to represent the 
network topology. In this ex- 
ample, the highest network 
level consists of an integrated 
multisite controller (IMC) in- 
terconnecting several trunked 
systems in Texas. The net- 
work maps are layered to re- 
duce clutter and confusion, 
Clicking on the icon with the 
mouse reveals the next layer 

The three basic elements de- : of detail in a sub-map. In this 
scribed above combine to form Me — case, clicking on the East site 
a complete network manager. ! | —scastsire ——s=édYT;*=C*d' reveals the site controller 
Each vendor provides network computer and four RF chan- 
elements that support SNMP or Sc | nels. The layering continues 
CMIP and a product-specific | until the lowest-level clement 
management application, These is reached, At the lowest 
applications are installed on the level, clicking on the icon 
management platform along brings up a menu of programs 
with other management support associated with the icon such 
tools. As an example, a hypo- as configuration, diagnostics 
thetical EDACS network man- or alarm status. The desired 
ager is shown in Figure 4 to the program is executed by click- 
right. The user interface is built ing on the associated menu 
around the network map. Each item. The user is free to bring 
network element is represented — Figure 4. A hypothetical trunked radio communications system network up multiple windows with 
by an individual icon located on — ™@nager includes a user interface built around the network map. Each = mans. configuration pro- 
* network element is represented by a unique icon located on a back- Z 


a background geographical MP. ground geographical map. The icons are interconnected with lines to $74mMs. performance plots or 
The icons are interconnected represent the network topology. any other application sup- 


The Kink Is Dead. 


Working with corrugated cable can be a royal pain. 
It kinks. It’s not flexible. It can cost you time 
and money. 


programs for each element. In- 
tegrated management-support 
tools automate general manage- 
ment functions such as trouble- 
ticketing, which monitors the 
progress of network repairs, and 
inventory management. which 
tracks the physical elements of 
the network, 
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LMR Coaxial Cable won’t kink. So, your system 
installs much easier, and you'll save money. You'll 
get the optimum performance you expect, with 
comparable loss. 


& 


You'll find it in a size just right for your next 
installation. Call: 


1-800-TMS-COAX 


for a distributor near you. 


Long Live LMR. 
The No Kink Cable. 
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P.O, Box 5039, Wallingford, CT 06492 
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When It Comes To Antennas, 
Nobocly Covers More Ground. 


and incomparable specifications have been Larsen 
trademarks since 1965. Each product is backed by 
extraordinary customer and technical service—plus 
the industry’s only three year warranty. Larsen 


Whatever your needs, Larsen offers more 
antenna solutions for professionals and amateurs 
than anyone on the planet. Portable, mobile and 
base antennas range from 25 MHz to 1.9 GHz. 
Thousands of combinations are readily available. 
And we’re happy to provide customized solutions. 

Superior performance, technical leadership 


antennas are 
all out of 
this world. 


(Larsen 


The Clear Choi oe” 


For a Free Catalog: call 1-800-426-1656; fax 1-800-525-6749. Or write: P.O. Box 1799, Vancouver, WA 98668. 
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ported by the network manager. 
Initially, the network manager auto- 
matically discovers (auto-discovers) each 
network element, assigns the proper de- 
fault polling and alarm parameters, and 
places the proper icon on the screen. 
The user must arrange the icons on the 
map and set up the hierarchy of submaps 
(.e., network levels}. The network man- 
ager immediately begins monitoring de- 
fault MIB values in search of events. State 


changes in an element cause the associ- 
ated icon to change color or blink. These 
visual changes propagate to the highest 
map level, allowing the user to monitor 
the highest Jevel of interest and still de- 
tect low-level alarms. When an alarm 
occurs, the user simply clicks down 
through the sub-maps to find the offend- 
ing device, Once the source of the alarm 
is located, the operator can run test and 
diagnostics programs to further deter- 


Testing EDACS equipment could hardly be easier! 


Tests mobile and base stations 


parameters in plain text 


cabled connections 


remotely by modem 


STABILOCK 4015 is easy to work with and, 
weighing barely 20 Ib, easy to take with you. 
And it's a truly modular communication test set 
— with spectrum analyser and digital storage 
oscilloscope, and ready for straightforward 
extension to test ETACS, EAMPS or NMT 


mobiles, pagers, etc. 


Feel like finding out more? 


Just ask for a STABILOCK 4015 info package 
and find out how simple reliable and accurate 
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mine the source of the problem. 


Simplified management 

The network map allows the user to see 
the big picture and quickly isolate network 
problems. The consistent user interface 
reduces the operator learning curve and 
speeds up daily activities. Performance 
graphs and reports identify potential prob- 
lems before they become major faults, 
thereby improving the quality of service. 
All of these features simplify the manage- 
ment task and reduce the staff needed to 
manage the network, 

If you are not presently managing a 
multi-vendor network. you probably will 
be in the near future. Therefore, it is im- 


The network map allows 
the user to see the big 
picture and quickly 
isolate network 


problems. 

SSS SSS 
portant to consider network management 
in any communications purchase. Before 
buying, ask your vendor if their equipment 
supports SNMP or CMIP, Do they offer a 
management application on a standard 
platform such as Hewlett-Packard’s 
OpenView? Is their management solution 
scalable, allowing you to start out small 
and grow as your network grows? Does 
their management solution interoperate 
with other management platforms and sup- 
port a large brary of management and 
non-management applications, allowing 
user customization? 

Managing a multi-vendor communica- 
tions network will never be trivial, but it is 
becoming easier by the day. More and 
more vendors are supporting SNMP or 
CMIP and offering management applica- 
tions on popular management platforms. 
Management platforms are beginning to 
interoperate and share applications while 
network management standards continue 
to evolve and expand. The future looks 
bright indeed, but there is no need to wait. 
Network management offers tremendous 
advantages today, including lower opera- 
tional costs and better quality of service. 
Sooner or later you will have to manage a 
multi-vendor network, so prepare yourself 
now by selecting vendors that understand 
the importance of network management 
and support the emerging management 


standards. pny 


Are We Confident Enough In EDACS 
To Send You To The Competition? 


If you're actively looking for a trunked radio com- 
munications system, we'll send you to see an EDACS® 
installation, and then to a competitor's site. See both 
systems in action, talk co actual users about how-thes 
systems make them more efficient. 

There's no question that once you've seeti 
best that both have to offer, you'll choose EDA! 

Public safety officers depend on EDACS t 
keep critical communications open in spite of © 
explosions, fires, lightning strikes, and tropica 
storms. They count on EDACS because its fai 
soft, fault-tolerant trunking won't revert co 


conventional mode in che event of site controller 
failure. In an emergency, you can’t wait for an open 
channel. EDACS nonstop trunking means no waiting. 
And that means a fast response time. 
What's more, EDACS’ modular building block 
design is easily expanded. So your system can be 
modified as your needs change. That safeguards your 
communications investment. 
EDACS. See it, and you'll believe it. To arrange your 
on-site visits, or for a free guide to EDACS, call Ericsson 
at 1-800-431-2345.* (In Canada, call 1-804-528-7643.) 


Technology That Exceeds The Standard 


*Participants in above offer must meet general qualifications, Call for more information. 


Ericsson reserves the right to cancel or amend this program at any time. ERICSSON — 
EDACS is a registered trademark of Ericsson Ine 
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Diversity reception controller 
helps radio system performance 


Part 2—Using amplitude sensing, analog logic and output filtering along with 
low-cost integrated circuitry, an ideal selection diversity controller brings the 
advantages of diversity reception to commercial mobile communications. 


RECEIVER 


MULTI-ANTENNA 
SCHEME 


RECEIVER 


RECEIVER 


- MULTLRECEIVER _ 
‘SCHEME 


Figure 1. There are literally hundreds of variations on the concept of diversity reception. Most can 
be grouped into two main classifications of diversity reception systems, multi-antenna systems 
and multi-receiver systems, as shown above. Both of these schemes have proven largely unsuc- 
cessful, both technically and commercially, for a number of reasons. 


By Shane Fitzgerald 


Short-term (multipath) fading, as de- 
scribed in the first installment of this two- 
part article, is extremely destructive to 
high-speed data communications. What the 
ear would endure as one little pop or a 
hissing sound may destroy several hundred 
bits of information. An 800MHz mobile 
unit traveling at ]5mph through a station- 
ary environment will encounter 38 fades 
per second, and more if the environment 
includes moving objects such as trains, 
aircraft and automobiles. If these fades 
sink below the receiver's data recovery 
threshold, successful data reception be- 
comes nearly impossible. 

How can the integrity of data communi- 
cations be protected in a fading environ- 
ment? Two of the most popular and widely 
used methods are forward error-correction 


Fitzgerald is RF design engineer at ElectroCom 
Communications Systems, Santa Fe Springs. 
CA. ElectroCom manufactures the ideal selec- 
uion diversity controller described in this two- 
part article. 


(FEC) and redundant transmissions. 
With FEC, message reconstruction in- 
formation is attached to each message prior 
to transmission. Should the message be 
received with errors, the reconstruction 
information is used to reconstruct the 
message. This method is complex, Mes- 
sage reconstruction taxes the receiver's 
processing power because it is compu- 
tationally intensive, and it reduces system 
throughput significantly because an FEC 
code is added to each transmission. 
With redundant transmissions, each 
message is transmitted multiple Gmes and 
a majority voting process is used to de- 
code the message. This simple scheme is 
less computationally intensive than FEC; 
but multiple transmissions of identical in- 
formation are extremely inefficient and 
dramatically reduce system throughput. 
FEC and redundant transmissions share 
two fundamental flaws in dealing with the 
destructive interference caused by 
multipath fading. The first flaw these sys- 
tems exhibit is their fatalistic approach to 
the problem. Instead of trying to eliminate 
the source of the problem (short-term fad- 
ing), these techniques try to recover from 


the damage the fading causes. The other 
flaw is that if the receiver remains station- 
ary while in a deep fade, no amount of 
FEC or redundant transmissions will help: 
communication will not be possible. 

Diversity reception, on the other hand, 
reduces destructive effects of multipath 
fading directly. Two closely spaced anten- 
nas receive signals that are considered to 
be uncorrelated: therefore, when one an- 
tenna experiences a fade, then the prob- 
ability of the other antenna simultaneously 
experiencing a fade is extremely unlikely. 
By selecting between antennas or receiv- 
ers quickly enough and in response to the 
fades, the damaging effects of short-term 
fading are dramatically reduced. 

There are literally hundreds of variations 
on the concept of diversity reception. Most 
can be grouped into two main classifica- 
tions of diversity reception systems, mut/ti- 
antenna systems and mutlti-receiver sys- 
tems, as shown in Figure | at the left. Both 
of these schemes have proven largely un- 
successful, both technically and commer- 
cially, for a number of reasons. 

Multi-antenna diversity uses a single 
receiver with multiple antennas that are 
connected to it one at a time. When the 
receiver picks up an adequate signal from 
its current antenna, it maintains the con- 
nection. [f the signal falls below a prede- 
termined threshold, then the receiver 
switches to another antenna that may de- 
liver a better signal. 

Unfortunately, there is no guarantee that 
a better signal will be found when the re- 
ceiver switches antennas. The signal may, 
in fact. be worse. Moreover, waiting untl 
the threshold of reliable communication is 
reached before switching means that a 
problem already has been encountered, 
rather than avoided. 

Multi-receiver diversity uses multiple 
receivers (o supply recovered modulation. 
Special circuitry determines which 
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Figure 2. The diversity reception controller includes three main sections: an amplitude-sensing 
section, an analog logic section, and an output filter section. 


receiver is receiving the better signal, and 
that receiver is then selected. Composite 
recovered modulation is assembled using 
a combination, or selection, algorithm. 
This process is technically complex. It has 
been largely unsuccessful because RF sig- 
nal-level quantification circuitry cannot 
react fast enough to RF amplitude changes, 
and in the selection algorithm, high-speed 
switching between discontinuous signals 
causes damaging transients. 


upon the quality of its support. 


Fortunately, advances in performance 
along with reductions in the cost of inte- 
grated circuitry have enabled the develop- 
ment of a low-cost, highly efficient diver- 
sity reception controller that overcomes 
previous multi-antenna and multi-receiver 
problems. The centroller’s ideal! selection 
diversity uses multiple receiver outputs 
that are selected by comparing RF carrier 
amplitudes, 

Figure 2 above is a block diagram of the 


diversity reception controller, which in- 
cludes three main sections: an amplitude- 
sensing section, an unalog logic section, 
and an output filter section. 

The amplitude-sensing section contains 
high-speed, integrated, intermediate- 
frequency (IF) processors that provide IF 
amplitude information proportional to the 
received signal at each antenna. The pro- 
cessors generate an ultra-fast de voltage 
received signal strength indicator (RSSI) 
proportional to the log of received power 
in decibels over a wide dynamic range. 

The analog logic section processes the 
IF amplitude voltage, receives recovered 
modulation from the receivers and continu- 
ously selects recovered modulation from 
the receiver with the higher relative re- 
ceived signal. 

The output filter section removes tran- 
sients caused by high-speed switching be- 
tween two discontinuous signals while 
ensuring constant inpul-to-outpul delays 
and fast settling characteristics. The filter 
can be programmed to accommodate all 
common IF bandwidths and response 
characteristics. 

Also included is a power supply de- 
signed specifically for automotive 
applications. 


our Model 640 and 2000 Series paging 
terminals have the best technical support 
possible: 24 hours a day, 365 days a year. 


That's why 


Since every terminal has a built-in modem for remote 


access, our application engineers can fine-tune your 


system any time you want. All by modem, on demand. 
Our ongoing development program, diverse product 

line, and industry success guarantee that you can count 

on our support for the lifetime of your operation. 
And our support starts now. We'll help you configure 


the terminal to meet your needs today and tomorrow. 


Model 640 and Series 2000 Paging Terminals 
- up to 50,000 subscribers, 38 telco trunks, 8 radio channels, 72 hrs voice storage 


We'll Always Be Here For. You ! 
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Mariel ANS 30 
kHz to 22 GHz 


Model AN940 
9 kHz to 26.5 GHz 


With frequency coverage of 9 kHz to 2.9 GHz for the AN920, 
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for 
the AN940, the AN900 series of spectrum analyzers can match 
your RF and microwave testing requirements. 

In addition to being full-featured, portable spectrum analyzers, 
each AN900 series model provides unique measurement 
features never before available on any spectrum analyzer. 

A wide 30 MHz resolution bandwidth filter provides 
unequalled measurement capability on wideband or spread 
spectrum signals. When used in combination with the built-in 
FM/AM receiver and modulation measurement scales, direct 
measurement of wideband signal modulation components, 
including frequency agile signals, is possible. 

A 25 MHz digitizing rate enables zero span measurements on 
pulsed RF and digital signals at sweep rates as fast as 200 ns/div. 
Pretrigger and posttrigger delay allow precise time interval or 
gated measurements. 
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Call 1-800-835-2352, Ext. 207 for details 
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Model AN920 
9 kHz to 2.9 GHz 


An automatic trace limits test function performs unattended 
monitoring and detection of erroneous signal conditions. 
Captured signals can be automatically stored in memory with 
time and date stamp for later recall and analysis or sent directly 
to a plotter via the standard RS-232 or IEEE-488 interfaces. 

A logical front panel control layout that avoids the use of 
menus or shift keys simplifies operation and enhances user 
productivity. For field use, a rugged portable design is comple- 
mented by the ability to operate from DC power sources or 
from an optional rechargeable battery pack. 

Other optional built-in features, including a 2.9 GHz tracking 
generator, quasi-peak detector, and 0.02 ppm time base, 
expand each model’s possible uses. 


Contact IFR for more information 


or to arrange for a demonstration of 
the AN920, AN930 or AN940. 


IFR SYSTEMS, INC. 


LL 


10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / 1-800-835-2352 / FAX 316/522-1360 


Photo | at the left and Photo 2 on page 

Tek Stopped: 46 Acquisitions . @ 42 are plots taken from a digital storage 

Se erase BG Me Soe ees + oscilloscope connected to a diversity re- 

i ception controller. These plots demonstrate 

4 short-term fade reduction that an ideal 
selection diversity system provides. 

Chl (the upper trace) is the receivers* 
RSSI signal selected by the diversity re- 
ception controller to supply recovered 
modulation, Ch2 (the lower trace) displays 
the RSSI signals of the individual receiv- 
ers. The diversity reception controller al- 
ways selects the receiver with the higher 
relative signal level. This plot was taken in 
a vehicle traveling about 10mph. The plot 
is a 500ms snapshot of the short-term fad- 
ing typically encountered in the mobile 
environment. 

Voltages displayed on the oscilloscope 

L plots correspond to the received signal 

Loo V'& MSG0ms Line yw amplitude as follows: 

} 4 8.0V -90dBm 
ar ier Cal Pacise | 6.0V -100dBm 
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Photo 1, This digital storage oscilloscope display demonstrates the short-term fade reduction that 
an ideal selection diversity system provides during 500ms of reception in a vehicle traveling at 5 : 
10mph. The lowest received signal strength encountered by the selected receivers was about €ived signal strength encountered by the 
-105dBm. Unselected receivers encountered numerous fades, six of which dipped to -130dBm, = selected receivers was about —105dBm, 


b | Hutton’s 1995 Product Selection 
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¢ 80* select manufacturers 
Never hunt through a huge stack 
of catalogs again! Call us toll-free to 


request your free copy of Hutton’s 
1995 Product Selection Guide today. 
You'll be glad you did! 


UT 


Dallas,Texas 
800-442-3811 


Atlanta,Georgia 
800-741-3811 


Denver,Colorado 
800-726-6245 


Seattle, Washington 
800-426-2964 


Toronto, Canada 
800-265-8685 


Mexico 
(95) 800-866-3811 


al AF °95 HUTTON CATALOG IS HERE! 


Prag 5 es 


Circle (36) on Fast Fact Card 


40 Mobile Radio Technotogy March 1995 


Before NEC Sport IT Pagers... 


Because your business shouldn’t be all business. 


Selling to people in gray flannel is great. But there’s Lightweight. Affordable. Very stylish. And they’ve 
a crowd cut from a different cloth that’s got NEC’s reputation for quality written all 
calling for pagers, too: moms and over them. Just the thing you need to heat 


seniors, kids and joggers, plus a whole ; $ up your pager sales. So if you'd like to 
lot more, That’s why NEC makes expand your pager business, start thinking 
Facts Sport™ II pagers. They’re color- sromru \ | pegma in color...with NEC Sport Il pagers. For 


ful, just like the people who buy them. more information, call ]-800-CALL-NMI. 


© 1994 NEC America, Ine. N EC 
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Unselected receivers encountered numer- 
ous fades. six of which dipped to 
-130dBim. 

Photo 2 is another 500ms snapshot 
of typical short-term fading, taken at a 
slightly slower speed. Clearly evident is the 
classic shape of a Rayleigh distribution. 

This diversity reception method's gain 
is proportional to the fade depth. For ex- 
ample, the percentage of probability of 
encountering a -10dB fade with ideal se- 


lection diversity reception is 1.0%, one- 


Rpemereie ten rt centage of probability with- 
00 MH? enth of the per g | y 


out diversity. The percentage of probabil- 
ity of encountering a fade of —20dB with 
ideal selection diversity reception ts 
0.01%, one-hundredth of the percentage of 
probability without diversity. 

Figure 3 on page 44 depicts this increase 
in fade protection. The left side of the 
graph indicates the percentage of probabil- 
ity of encountering a fade without diver- 
sity reception. The right side indicates the 
percentage of probability with a diversity 
reception controller. 

The increase in performance provided 
by the diversity controller translates into 
system reliability. As seen in Figure 3, 
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Photo 2. Another 500ms snapshot of typical short-term fading, taken at a slightly slower speed. 99% reliability can be achieved with only 


Clearly evident is the classic shape of a Rayleigh distribution. 


a 10dB fade margin, representing a 10dB 
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MCS-100 SERIES 


The Gamber-Johnson MCS-100 Series is an economical alternative 
to consoles for mounting voice and data communications equipment 
in your Caprice or Crown Victoria. 


Our base is one piece, made of 3/16” electrostatically powdercoated 
steel. For safety, all edges are milled and corners rounded. Our 
design allows installation in minutes without 

drilling or modifying the vehicle. Our radio 

brackets are universal and simple to 

install and adjust. The 22 1/2” mounting 

surface gives you room for up to six sets of 

radio brackets, or a combination of brackets 

and a Gamber-Johnson MCS Series MDT or 

Laptop/Notebook mount. We even offer an 

adjustable armrest to assure an 

ergonomically correct work station. 


The simplicity and strength of our design 

provides a margin of safety unsurpassed in the industry, and ease 
of installation which saves you time and money. Of course, the 
MCS-100 system is air bag friendly when properly installed, and, if 
desired, may be upgraded to an enclosed console protecting your 
initial investment years into the future. 
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1994 WirelessWorld 


Tapes and Materials Available 


Every conference session at WirelessWorld '94 is sure to provide valuable information that is pertinent 
to your company's future in the wireless telecommunications industry. Every session of WirelessWorld 
'94 is critically important, and now you can be there! 


NOW YOU CAN GET IT ALL! 


The Wireless World '94 experience is available on high quality audio cassettes. Three fact filled tracks 
(Networks, Wireless Issues and Sales & Marketing) of five sessions each cover topics like Fraud, 

CDPD, Intelligent Networks, Wireless LANs, Pioneers Preference, Standards, Wireless Applications, 
Microwave Displacement, Regulatory, PDAs, Batteries, Selling Digital, Seamlessness & much more! 


WIRELESSWORLD TAPES SET THE INDUSTRY COURSE 
FOR THE FUTURE. 


These valuable tapes allow you to experience Wireless World '94 at your convenience. Enjoy these 
cassettes in your car, home or office. Plus, the session handouts make excellent presentation material for 
sales meetings and company strategy sessions. 


RESERVE YOUR SET NOW. 


You can order your set of WirelessWorld '94 tapes by phone, fax or mail. You may purchase an indi- 
vidual track or the entire set of tapes. Plus, extra conference manuals containing all handout materials 
from the speakers are also available for a limited time. Only prepaid orders can be accepted. 


Please check your selection: ome 
(Prices include shipping & handling) Payment or credit card information must accompany order. 


Make checks payable in U.S. dollars to INTERTEC PUBLISHING. 


Conference Manual $110.45 U.S., 


$141.45 Inter. My check is enclosed. 


Entire Set of Tapes $252.00 U.S., Please charge to my credit card, 
$315.00 Inter. 
Entire Set of Tapes w/ Manual $362.45 U.S., Visa Mastercard American Express 
$456.45 Inter. ——- = — 
Opening & Closing General Sessions and : FB 
Keynote Speaker $36.00 U.S., cue Expires 
$45.00 Inter. Signature 
Track 1-Networks & Technology . 
$72.00/6 tapes U.S., $90.00 Inter. Ship to: 
Track 2-Wireless Issues $72.00/6 tapes 
U.S., $90.00 Inter. Name 
Track 3-Sales & Marketing $72.00/6 tapes Company 
U.S., $90.00 Inter. Address 
Individual Tapes $12.00/tape U.S., City State Zip 
$15.00 Inter. Phone ( } 
(list seminars requested below ad) 
al Price MAIL TO: WirelessWorld '94 Tapes Order by credit card 
supe ens ATTN: Chris Lotesto TOLL FREE 
*Sales Tax $ Intertec Publishing 800-458-0479 
55 E. Jackson #1100 FAX: 312-922-1408 
TOTAL AMOUNT Chicago, IL 60604 
ENCLOSED $ 
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50 CTCSS Tones. 
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performance. 


More programability 
than any other panel. 


And more! 


IMMEDIATE DELIVERY 
ONE YEAR WARRANTY 


Made in U.S.A. 


Sale subject to withdrawl and 


only available in U.S.A, 
[ Pe, 0 
CONNECT SYSTEMS INC. 


2259 Portola Rd. Ventura, Ca 93003 
Phone (805) 642-7184 Fax (805) 642-7271 
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Figure 3. The increase in fade protection for ideal selection diversity reception is proportional to 
the depth of fades encountered. The left side of the graph indicates the percentage of probability 
of encountering a fade without diversity reception. The right side indicates the percentage of 


probability with a diversity reception controller. 


improvement over a system without diver- 
sity reception. A 99.9% reliability can be 
achieved with a 20dB fade margin: this 
represents a 20dB improvement over a 
system without diversity reception, 
Adding diversity reception to an e¢xist- 
ing radio communications system in- 
creases its coverage area and increases its 
reliability within any given area. For data com- 


munications systems. the success rate of 


first-attempt delivery of data messages rises 
dramatically, regardless of vehicle speed. 

For voice communication, the diversity 
reception controller provides an 8dB-10dB 
improvement in signal-to-noise ratio (S/N). 

The diversity reception controller can 
retrofit existing radio systems with the 
performance advantage of ideal selection 
diversity reception. An entire flect can 
undergo retrofit. or only specific vehicles 
(such as vehicles that frequent poor cover- 
age areas). 

Although the focus of this article has 
been mainly on the mobile receiver, the 


base receiver or repeater receiver is sub- 
ject to the same short-term fading effects 
as the mobile unit. In terms of performance 
Vs. COSt, equipping the system base or re- 
peater station with diversity reception 
yields the most performance per dollar 
because the advantages of diversity recep- 
tion are shared by all users. 

A dramatic increase in performance of 
mobile-to-mobile communications is pos- 
sible when both repeater and mobile re- 
ceivers are equipped with the diversity 
reception controller. The uplink’s recov- 
ered audio experiences an 8dB-10dB in- 
crease in S/N performance. This better- 
quality audio is repeated on the downlink 
to a diversity-equipped mobile receiver 
with an 8dB-10dB increase in S/N perfor- 
mance. The aggregate S/N performance 
increase can be as high as 16dB to 20dB. 

The controller is easy to install with 
few connections required and is com- 
patible with all existing communica- 
tions receivers. = 


Fur over 40 years Sinclair has been an industry leader 
and innovator, exceeding our customers’ expectations in 
the quality of the products, systems and services we provide. 
We recognize and 
encourage the 
commitment of cach 
member of our 
organization 

fo ensure j 
that customer |. 
satisfaction | 
is Paramount. | 


— 


contact is 

. what you 
\ will tind 

at Sinelair. 
We have 
real people 
dedicated to 
serving you, our customer. 


Sache is in the business of providing creative and 
novative solutions for the wireless market, either off-the- 
Hf or custom designed. Our people represent the gateway: 
they develop our products, they modify our 

products, they explain our products, they 
represent our products. 


~ Sinclair Technologies Inc. 

85 Mary Street, 55 Oriskany Drive, 
Aurora, Ontario, Canada Tonawanda, New York 
L4G 6X3 14150, U.S.A. 

Tel: (800) 263-3275 Tel: (800) 288-2763 
Fax: (905) 727-0861 Fax: (716) 874-4007 
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How CDMA is applied 
to cellular telephone service 


Here are the inner workings of the code-division multiple-access (CDMA) 
technology being implemented by several cellular telephone carriers. 
Transmitter and receiver test requirements are discussed. 


By Ken Thompson 
and Dave Whipple 


The personal communica- 
tions industry faces an ever- 
increasing number of users 
sharing the same limited fre- 
quency bands. To expand, the 
industry must increase capac- 
ity without degrading service 
quality. (See Figure | to the 
right.) 

For maximum capacity, 
analog cellular technology 
uses complex frequency- 
division multiple-access 
(FDMA) with 30kHz chan- 
nels, directive antennas (cell 
sectoring) and complex fre- 
quency reuse planning. 

To increase system capacity, a digital 
access method, time-division multiple- 
access (TDMA), is being implemented. It 
uses the same frequency channelization 
and reuse as FDMA analog and adds a 
time-sharing element. Each channel is 
shared in time by three users to effectively 
triple system capacity. 

The proposed code-division multiple- 
access (CDMA) cellular mobile telephone 
system defined by the TIA! 45.5 subcom- 
mittee is based largely on the system de- 
veloped by Qualcomm.’ CDMA uses cor- 
relative codes to distinguish one user from 
another. Frequency divisions are still used, 
but in a much larger bandwidth 
(1.23MHz). In CDMA, a single user's 
channel consists of a specific frequency 
combined with a unique code. 


Thompson is product marketing engineer, and 
Whipple is research and development technical 
leader at Hewlett-Packard’s Spokane Division, 
Liberty Lake, WA. This article is copyright 1995 
by Hewlett-Packard Company. 


TDMA 


FREQUENCY 


CDMA 


FREQUENCY 


Figure 1. Several access methods are used for cellular mobile tele- 
phone service, including frequency-division multiple access (FDMA), 
time-division multiple-access (TDMA) and code-division multiple ac- 
cess (CDMA). The object of using TOMA or CDMA is to increase capac- 
ity without degrading service quality. 


The correlative codes allow each user to 
operate in the presence of substantial in- 
terference. An analogy to this is a crowded 
cocktail party. Many people may be talk- 
ing at once, but you still can listen to one 
person at a time. This is because the brain 
sorts out one voice’s characteristics and 
differentiates them from other talkers. As 
the party grows larger, each person has to 
talk louder, and the size of the “talk zone” 
grows smaller. This would be more dra- 
matic if each conversation Were in a dif- 
ferent language. 

CDMA is similar, but recognition is 
based on the code. The interference is the 
sum of all other users on the same CDMA 
frequency, both from within and without 
the home cell, and from delayed versions 
of these signals. It also includes the usual 
thermal noise and atmospheric distur- 
bances. Delayed signals caused by 
multipath are separately received and com- 
bined in CDMA. 

A big part of the capacity gain with 
CDMA stems from its frequency reuse 
patterns. The normal reuse pattern for ana- 


FREQUENCY 


log and TDMA systems em- 
ploys only one-seventh of the 
available frequencies in any 
given cell. This could really be 
called frequency non-reuse. 
With CDMA, the same fre- 
quencies are used in all cells. 
When sectored cells are used, 
the same frequencies can be 
used in all sectors of all cells 
because CDMA is designed to 
decode the proper signal in the 
presence of high interference. 

CDMA starts with a narrow- 
band signal, shown in Figure 2 
on page 48 at the full data rate 
of 9,600bps. This signal is 
spread with the use of special- 
ized codes to a bandwidth of 
1.23MHz. When transmitted, a 
CDMA signal experiences high levels of 
interference, dominated by the coded sig- 
nals of other CDMA users. This interfer- 
ence takes two forms, interference from 
other users in the same cell and interfer- 
ence from adjacent cells. The total inter- 
ference also includes receiver thermal 
noise, background noise and other spuri- 
ous signals. 

When the signal is received, the 
correlator recovers the desired signal and 
rejects other signals and interference. The 
recovery is possible because all interfer- 
ence sources are uncorrelated to the de- 
sired signal. 

For most people familiar with FM 


. Telecommunications Industry Association 
200] Pennsylvania Ave., Suite 800 
Washington, DC 20006-1813 
202-457-4912 
FAX 202-457-4930 


2. Qualcomm 
6455 Lusk Blvd 
San Diego, CA 92121 
619-587-1121 
FAX 619-452-9096 
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WHERE ONE GREAT IDEA 
MEETS FIVE GREAT MICROPHONES. 


imowunien SYSTEM | 


SHURE’S MOBILE MICROPHONE AND 

MODULAR CORDSET SYSTEM. 

Shure’s ModuLink System 1 offers four handheld microphones and one 

bose station microphone designed to meet your particular lige 

requirements. All Modulink mictophones combine ease-of-use, state- 
of-the-art features, quality, and economy. 


CONNECTION AND CORD 

REPLACEMENT IS A SNAP! 
The key to the ModuLink system is the 
innovative modular cordsets, which allow our 


microphones to quickly connect to virtually all 

popular radio ransceivers — without any hardwiring. Should o cord fail, 
it con be replaced in thirty seconds, even in the field. Simply unplug the 
foiled cordset ond snap in a new one. You sove technical service time, 
elimincte downtime and drastically reduce inventory costs. 


BUILT TO PERFORM AND BUILT TO LAST. 


All ModuLink handheld microphones feature Top-Talk Sound Channels™ 

for dear communication, a Millior-Cydle Plus® leaf switch for longer trouble- 
free use ond an Armo-Dur™ case for durability. The Base Station microphone 
also features 0 Million-Cycle Plus leaf switch and is built just as tough. 


For more information on Shure ModuLink microphones, cordsets and 


compatible transceivers, coll 1-800-25-SHURE. 
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550T 


Base Stotion tronsistorized microphone 
feotures adjustable gain and a split-bor 
monitor transmit switch, 


590T 


Hondheld transistor omplified dynamic 
microphone is 0 rugged workhorse 


designed for years of trouble-free service. 


5927 


Electret Condenser microphone, with our 
potented noise-canceling bidirectional pick 
up pattem, is perfect for high-noise settings. 


885IT 8ssiT 


MonuotDial DTMF microphone includes 888TT DIME Aircraft microphone is 
confinyous-fone dialing, an illuminated amplified, noise-canceling and FAA Certified 
keypad ond positive tactile keys for easy | for oircratt bee (TSO-L580). 

number entry. : 


Ree 


10kHz BW 1.25MHz BW 1.25MHz BW 10kHz BW 


BASEBAND DATA 


BASEBAND ENCODING & WALSH CODE DECODE & BASEBAND 
DATA INTERLEAVING. SPREADING IDEINTERLEAVE| DATA 


9.6kbps 19.2kbps —-1,228.8kbps 19.2kbps 9.6kbps 
CDMA TRANSMITTER 


communication systems. a paradigm shift 
is needed to properly discuss CDMA. Here 
are some differences between CDMA and 
analog FM: 

O Multiple users are on one frequency 
simultaneously. 

( A channel is defined by the correla- 
live code in addition to the frequency. 

DO The capacity limit is soft. Capacity 
can be increased with some degradation of 
the error rate or voice quality. 

Another aspect of CDMA is diversity. 
CDMA uses three types of diversity: spa- 
tial diversity. frequency diversity and time 
diversity. 


Spatial diversity takes wo forms: 
~100dB/Hz SPURIOUS SIGNALS . 


© Two antennas: The base station uses 
AN tN two receive antennas for greater immunity 
I | to fading, the classical version of spatial 
Scene diversity. 
ESSN © Multiple base stations simultaneously 
— ee talk to the mobile during soft handoff. 


BACKGROUND NOISE EXTERNAL OTHER CELL OTHER USER NOISE During soft handoff, contact is made 
INTERFERENCE INTERFERENCE with two base stations simultaneously. The 


INTERFERENCE SOURCES signals from the base to mobile are re- 
ceived separately and are coherently com- 
bined at the mobile unit. At the base sta- 
lions, the signals are transmitted via the 
network to the mobile telephone switching 


Figure 2. CDMA starts with a narrowband signal at the full data rate of 9,600bps. This signal is 
spread with the use of specialized codes to a bandwidth of 1.23MHz. 


The Ultra-Com PRO allows you to design screens for your 
specific requirements, without changing personality PROMS. 

The exclusive SCREENMAKER feature does not require the use of 
predetermined display modules or paging screens. 

Only the Ultra-Com PRO can completely program and recon- 
figure screens without software changes. 

Other systems claim “full programmability," but usually require 
firmware changes. Not Moducom: We claim it, and demonstrate it! 
Moducom helps you design operating screens for function, color, 
switch sizes and location...and much more, with the exclusive 
SCREENMAKER and CUSTOMIZER programs available only with 
the Ultra-Com PRO communications workstations.. 


Check the facts before you buy. Then check the source: Moducom. 
Call or write for our literature package and free programming demo disk. 


MODULAR COMMUNICATION SYSTEMS, INC. 
13309 Saticoy St., No. Hollywood, CA 91605 
(818) 764-1333 e FAX: (818) 764-1992 
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TRILOGY 


THE QUALITY ALTERNATIVE IN 
WIRELESS COMMUNICATIONS 


Cc O -M M O N S 


AIRCELL” 
TECHNOLOGY 


Exclusively 
From Trilogy... 


Proven performance with over 1.5 billion 
feet of Trilogy products installed worldwide. 


Trilogy's AirCell cables are the only hermetic- 
ally sealed, low-loss air-dielectric cables 
available today. No pressurization is 
required, for a maintenance free system. 


Trilogy AirCell semi-rigid products, costs far 
less than corrugated copper cables. Lighter 
weight means easier handling, and lower 
shipping costs. 


Ease of connectorization, with no soldering 
required; cable installation is simplified. 


Also Introducing: Trilogy AirCell radiating 


ale for eae ree, jal as AirC ELL” Family By 
uildings, subways and tunnels, etc. Trilogy 


All AurCell products are available in both SENDING THE RIGHT SIGNAL 
5022 and 7522. 


Trilogy 0 

COMMUNICATIONS INC. 
Call or write for additional information: 

TRILOGY COMMUNICATIONS INC , 2910 Highway 80 East, Pearl, Mississippi 39908 


(800) 874-5649, (601) 939-4461 » FAX (601) 939-6637 
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office (MTSO), where a quality decision is 
made on a frame-by-frame basis, every 
20ms. 

Frequency diversity is inherent in 
spread-spectrum systems, A fade of the 
signal is less likely than with narrowband 
systems. Fading is caused by multipath and 
is a function of the time delays in the al- 
ternate paths. In the frequency domain, a 
fade appears as a collection of notch filters 
that move across a band. As the user 


moves, the frequencies of the notches 
change. The width of any notch is on the 
order of one over the difference in arrival 
time of two signals. For a Ilys delay. the 
notch is approximately |!MHz wide. The 
TIA CDMA system uses a 1.25MHz band- 
width, so only those multipaths of time 
less than lps actually cause the signal to 
experience a deep fade. In many environ- 
ments, multipath signals arrive at the re- 
ceiver after a much longer delay. This 
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Tripp Lite DC Power Supplies 
New Models. Better Profits. 


NEW 


12, 20, 30 
and 50 Amp 
Models! 


Fully expanded line of DC Power Supplies 

Now Tripp Lite’s line of DC power supplies cover the full range 
of amperages, including the popular 12 and 20 amp radios. For 
dealers, Tripp Lite provides outstanding customer service before 
and after the sale. Best of all, Tripp Lite DC Power Supplies carn 
you $1.16 more profit per amp per model than the leading 


manufacturer’s models. 


Models Available: 


e 120/220/240 volt configurations, 
including rackmount models 

e Crowbar overvoltage protection 
and foldback automatic overcurrent 
protection 

e Complete isolation from noise on 
incoming AC power 


_- vane 
TRIPP LITE 


Call for Details 
(312) 755-8741 
Dept. PR] 


THE POWER PEOPLE 


500 N. Orleans, Chicago IL 60610 
Tel: (312) 755-8741 - Fax: (312) 644-6505 
Faxback: (312) 755-5420 


All Modets Stocked By Distributors Nationwite 
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¢ 125MHZ BW 


AMPLITUDE 


FREQUENCY 


Figure 3. CDMA frequency diversity resists the 
effects of multipath fading because the fading 
reduces reception only on a portion of the 
wideband signal, as a notch filter would. 


means that only a narrow portion of the 
signal is lost. In the display shown in Fig- 
ure 3 above, the fade is 200kHz to 300kHz 
wide. This fade results in a power loss to 
a CDMA signal, but it could result in the 
complete loss of analog or TDMA signals. 

Time diversity is a technique common 
to most digital transmission systems. Sig- 
nals are spread in time by use of interleav- 
ing. Forward error-correction is applied, 
along with maximal likelihood detection. 
The particular scheme used for CDMA is 
convolutional encoding in the transmitter 
with Viterbi decoding using soft decision 
points in the receiver. 

CDMA takes advantage of multipath by 
using multiple receivers and assigning 
them to the strongest signals. The mobile 
receiver uses three receiving elements, and 
the base station uses four, 

This multiple correlator system is called 
a rake receiver. In addition to the separate 
correlators, searchers are also used to look 
for alternate multipaths and for neighbor- 
ing base station signals. 


Power control 

One of the fundamental enabling tech- 
nologies of CDMA is power control. The 
power of all mobile units is controlled so 


CDMA makes use 
of diversity: 


Spatial diversity: 
« multiple antennas at base station 
« multiple base stations for soft handoff 


Frequency diversity: 

« combats fading caused by multipath 

* fading acts as a notch filter to a wide- 
spectrum signal 


* may notch only part of a signal 


Time diversity: 

* uses rake receiver 

* data are interleaved 

* convolutional encoding 
« Viterbi decoding 


Introducing 


Something 
NEW 


in Personal 


It's called "personal communication"... 


As in: We answer the phone. We talk to you. We listen and we provide solutions. It's 
what we do. Plain and simple. It works, too. 


TGA Systems brings digital paging up to date with our new PRISM II Paging Terminals, 
TGA/Radiolabs Transmitters and DATANET Paging System Analyzers. We use the 

newest DSP technology, high speed PCM data highways and parallel processing with 
multiple 32 bit CPUs. PRISM systems will free you from the limitations of older designs. 


Want to know more? Call us...and see how well we communicate. 


404-441-2100 
F AX 449-7740 Circle (46) on Fast Fact Card 


800-998-TGAI 


Suite 150 
3100 Medlock Bridge Road 
Norcross, Georgia 30071 USA 


TGA 


Systems, Inc. 


Redefining the art of electronic messaging 


to 


their signals arrive at the base station at an 
equal and minimum level. In this way, the 
interference from one unit to another is 
held to a minimum. Two forms of power 
control are used for the reverse link: open- 
loop power control and closed-loop power 
control, 

Open-loop power control is based on the 
similarity of the loss in the toward path to 
the loss in the reverse path. (Forward re- 
fers to the base-to-mobile link, whereas 


We designed the 
new R-2670 
with Motorola 
Trunking for one 


very good reason. 


You asked for it. And now 
you've got it: The feature- 
packed FDMA digital 
Communications System 
Analyzer with the Motorola 
Trunking option. Now you 
can verify call processing 
through system simulation. 
Access specialized screens 
for quick test 

set-up and 

convenient 

diagnos- 

tics. And 

test for full 

function 

spec 

performance. 

Call Communications 


Test Equipment today at: 
1-800-235-9590 Ext. 23 


The R-2670 
with Motorola 
Trunking. 


“TI ELE 


TES 


vous can 
TRUST 


) MOTOROLA 


reverse refers to the mobile-to-base link). 

Open-loop control sets the sum of 
transmit power and receive power lo a 
constant, nominally —73, if both pow- 
ers are in dBm, A reduction in signal 
level at the receive antenna results in an 
increase in signal power from the trans- 
mitter. For example, assume that the 
received power from the base station is 
—85dBm. This is a composite signal 
from the base station. The open-loop 
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Power control 


Reverse link power control 
+ all mobiles are received al base station at 
equal power 
* two types of control 
—open-loop power contro] 
* autonomous mobile unit process 
* assumes loss is similar on forward and 
reverse paths 
30ms time constant 
receive power + transmit power = 
-73, with all powers in dBm 
Example: for a received power of 
—85dBm 
transmit power = {—73) — (—85) 
transmit power = + 12dBm 
—closed-loop power control 
* directed by base station 
© updated every 1.25ms 
¢ 1dB step size 
® corrects open-loop power estimate 


transmit power setting would be +12dBm. 

Closed-loop power control is used to 
allow the power from the mobile unit to 
deviate from the nominal as set by open- 
loop control. This is done with a form of 
delta modulator. The base station monitors 
the power received from each mobile sta- 
tion and commands the mobile to either 
raise power or lower power by a fixed step 
of 1dB. This process is repeated 800 times 
per second or every |.25ms. 

Because the power of the mobile is con- 
trolled to be no more than is needed to 
maintain the link at the base station, much 
less power is typically transmitted from 
the mobiles than is the case with analog 
The analog radio needs to transmit enough 
power to maintain a link even in the pres- 
ence of a fade. Most of the time it is trans- 
mitting with excess power. The CDMA 
radio is controlled in real time and is kept 
at low power, Reduced power has the po- 
tential to provide longer battery life and 
smaller, lower-cost amplifier design. Mo- 
bile units support a dynamic range of about 
80dB and can be controlled to transmit as 
litte as —60dBm 


Speech encoding 

CDMA takes advantage of quiet times 
during speech to raise capacity. A variable 
rate vocoder is used: the channel is at 
9,600bps when the user is talking. When the 
user pauses, or is listening, the data rate 
drops to only |,200bps. Rates of 2.400bps 
and 4,800bps ure also used, although not as 
often as the other two. The data rate is based 
on speech activity, and a decision as to the 
appropriate rate is made every 20ms, 


_— 


at 
MIAGNIEIGENTESIXE 


Introducing LYNX 6 from Western Multiplex, 

the leader in T1 spread spectrum microwave radio. 
‘Round these parts, folks don’t particularly cotton to licenses. 
Especially with a LYNX 6 at their side. After all, there’s a whole 
wagon load of features and benefits—all without so much 

LICENSE? as a howdy-do from the FCC. 

you D Look down the barrel of a LYNX 6 and here’s what 
STINKIN you see: Three RF channels for more wireless flexibility, 

LICENS 
to install, even a greenhorn can get it up and running in minutes. 
What's more, as a synthesized radio the LYNX 6 reduces your 


plus high system gain for increased reliability. An 


effective range of more than 40 miles. And it’s so easy 


spares requirement and minimizes the need for test equipment. 
For information on the LYNX 6 as well as our complete family 
of microwave radios, call us today at (415) 592-8832. And 


re-discover why everyone loves a good Western. 
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Normal telephone speech has an activity 
factor of about 40%. 

The mobile station lowers its data rate 
by turning off its transmitter when the 
vocoder is operating at less than 9,600bps. 
At 1,200bps, the duty cycle ts only 1/8 that 


of the full data rate. The choice of ume for 


this duty cycling is stochastic (randomly 
variable), so the power is lowered at all 
times when averaged over many users. 
Lowering the transmit power at the mobile 


Bomar answers your 
call for excellence 
with high perform- 
ance crystals 
designed for today’s 3 
leading tone/voice 


and digital/numeric pagers. Our rugged pager crystals are 
engineered to deliver superior performance. Performance that 
comes from over twenty-five years of experience. And 
performance backed by a lifetime guarantee. Call now for 
page after page of useful information about our quality 
products...delivered to you on the double! 


201 Blackford Avenue, Middlesex, N.J. 08846 


CALL TOLL FREE 


1-800-526-3935 


reduces the level of interference for all 
other users. 

The base station uses a slightly different 
scheme. It repeats the same bit patterns as 
many times as needed to get back to the 
full rate of 9,600bps. The transmit power 
for that channel is adjusted to retlect this 
repetition, which allows the interference 
to be minimized. Repeating the bits at 
lower power on the forward link is more 
effective than the reverse link’s variable 


FAX TOLL FREE 


1-800-777-2197 
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Tate transmission technique because it pro- 
vides greater time diversity and does not 
rely on the stochastic process of averaging 
many mobile signals over time, 


Forward link coding 

An important feature of the forward link 
is the use of Walsh codes. These codes 
have the characteristic of being orthogonal 
to each other and to the logical NOT of 
each other. Two codes are defined to be 
orthogonal if they have an exact zero dot 
product when summed over the full period 
of the codes. Walsh codes are generated 
by the expansion shown below: 


where 


W_ = logical NOT of the bits 


The variable, #, in this expansion must 
always be a power of two. This is seeded 
with the one-by-one matrix: 


The TIA CDMA system uses a 64 by 64 
Walsh matrix. (Each Walsh code is 64 bits 
long.) 

Voice data at 9,600bps (full rate) is first 
passed through a convolutional encoder, 
which doubles the data rate. (See Figure 4 
on page 56.) It is then interleaved, a pro- 
cess that has no effect on the rate, but 
which does introduce time delays in the 
final reconstruction of the signal. A long 
code is XOR’ed with the data, which is a 
voice privacy function and not needed for 
channelization. CDMA then applies a 64- 
bit Walsh code that is uniquely assigned to 
a base-to-mobile link to form one channel. 
This sets a physical limit of 64 channels 
on the forward link. If a bit in the coded 
voice data is a zero, the Walsh sequence is 
output; if the data bit is a one, the logical 
NOT of the Walsh code is sent. The Walsh 
coding yields a data rate increase of 64 
times. The data is then split into 1 and Q 
channels, and XOR’ed with short codes. 
Scrambling the Walsh-encoded data with 
the short codes allows each CDMA cell 
site to reuse all Walsh codes without inter- 
ference. Each CDMA cell site is assigned 
a unique Ume offset for its short codes to 
allow CDMA mobiles to identify each cell 
site. The final signals are passed through a 
low-pass filter, and eventually sent to an 
(/Q modulator. 

The fong code is generated using a 42- 
bit linear feedback shift register. This is 
the master clock and is synchronized in all 
CDMA radios. A specific mask is applied 


Total Trunking Technology 


Model 104 


Model 49's 


FASTNet 


PSTN 


Zetron has mastered LTR®-compatible trunking technology. We have the control equipment you need to 
establish a simple trunked system or to expand into a larger multi-site system. We have the expertise in 
domestic and international applications to help you meet your needs today and tomorrow. 


Model 80 
TrunkBridge 
Link two or more LTR or 
conventional radio repeater 


systems using the Model 80 and 
two low-cost LTR control stations. 


Model 104 Trunked 
Radio-Telephone Adapter 
Connect up to three devices (such 


as telephones, FAX, or modem) to 
a radio on a trunked radio system. 


Model 49 Trunking 

Repeater Manager 
Provide premium interconnect and 
dispatch radio capability and 


effective radio site management 
with the Model 49. 


Model 42 Dispatch 
Trunking Logic 
Control a dispatch-only channel! 
with a Model 42, which has the 


same innovative dispatch features 
as the Model 49. 


Zetron has earned a reputation for reliable, full-featured products 
that unite multi-vendor equipment into powerful systems. 


Zetron, Inc. 12335 134th Ct. NE Redmond WA 98052 


Phone: (206) 820-6363 


Fax: (206) 820-7031 
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Model 2540 
Digital Switch 
Form a network between multiple 
radio sites with a digital switch that 
provides advanced features for 
radio operators and users. 


Model 810 
Digital Hybrid 
Significantly improve audio quality 
of a full-duplex interconnect radio 


with the Model 810's digital signal 
processing. 


(ZETRON), 


LTR® is a registered trademark of E.F. Johnson. 
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| CONVOLUTIONAL 
INTERLEAVER 


| ENCODER 


19.2 
kbps 


VOCODED 
SPEECH 
DATA 


1,2288Mbps 


| SHORT 
CODE 


1.2288Mbps 


Figure 4. The CDMA forward link (base-to-mobile) physical layer. 


to generate a unique long code. On the 
forward link, bits selected from the long 
code are used to scramble the user's voice 
data. (See Figure 5 on page 58.) 

The base station transmitter signal is 
the composite of many channels (with a 
minimum of four). The pilot channel is 
unmodulated: it consists of only the final 
spreading sequence (short sequences). The 
pilot channel is used by all mobiles linked 
to a cell as a coherent phase reference. 


The other three channels are the svre chea- 


nel. the paging channel and the traffic 


channel. which use the same data flow, 
but different data are sent on these chan- 
nels. (See Figure 6 on page 60.) 

The syae channel transmits ime-of-day 
information. This information allows the 
mobile and the base to align clocks that 
form the basis of the codes needed by both 
to make a link. 

The paging channel is the digital con- 
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WE 


Introducing the STI-9000, a simple, cost-effective system 


that measures signal coverage for: 


Cellular, Paging, Broadcast & Mobile Radio. 


The STI-9000 offers: 


* Mobile Touch-Screen Control 

* Instant Signal Coverage Contour Plots 
* Real-Time Measurements Display 

* State-of-the-Art GPS Accuracy 


SURVEY TECHNOLOGIES, INC. = 17980 SW SHADYPEAK = BEAVERTON, 
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trol channel for the forward link. Its 
complement is the access channel, which 
is the reverse link control channel. One 
base station can have multiple paging 
channels and access channels if necessary. 

The traffic channel is equivalent to the 
analog voice channel. This charinel is 
where the actual conversations take place, 


Reverse link coding 

The CDMA reverse link uses a different 
coding scheme to transmit data. (See Fig- 
ure 7 on page 62.) Unlike the forward link, 
the reverse link cannot support a pilot 
channel for synchronous demadulation 
(because cach mobile station would need 
its own pilot channel). In addition, the 
reverse link cannot use orthogonal codes 
for channelization because the mobile 
transmissions cannot be synchronized ac- 
curately enough to arrive at the base to 
maintain orthogonality, To aid reverse link 
performance, the 9.600bps voice data uses 
a one-third rate convolutional coded for 
more powerful error-correction. Then, six 
modulation symbols at a ime are taken to 
point at one of the 64 available Walsh 
codes. The data, which is sent at a rate of 
307.2kbps, then is XOR’ed with the long 
code to reach the full 1.2288Mbps data 


Su rvey 


Technologies 


Incorporated 


For more information, 
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THE SYSTEM THAT FULLY INTEGRATES 
TELEPHONE AND RADIO IN ONE COMPACT CONSOLE! 


POSITRON has the system that 
combines radio and telephone into one 
compact and versatile unit! It also 
integrates paging and Call identification 
like no other system does! 


© Quicker, easier to use! 
POSITRON re-defines “user friendly”! 
You enjoy faster access to features, 
because everything's at your finger- 
tips, in one easy-to-operate unit! 


O More compact! 


You get big-league performance with a 
small foot-print... everything you need, 
yet it takes up so little space. 


Head Office: Montreal 


0 Highly versatile! 

Completely software programmable, 
POSITRON lets you easily configure 
your system to your particular require- 
ments such as: * Queue 1 to 4 « Instant 
transmit « Speed dial » Take over dis- 
patcher © Ring select. It is compatible 
with your current equipment and easily 
expandable to meet all your needs. 


0 Highly reliable! 

This POSITRON system was developed 
together with emergency services 
systems users thus ensuring the 
highest possible level of reliability. 
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Offices: New York, Chicago, Los Angeles, Toronto 


0 E9-1-1 
Suppliers of E 9-1-1 Emergency 
systems and products. 


For further information, write or call: 


ae POSITRON 


Where Communication Technologies Meet 


Positron Industries Inc. 
5101 Buchan Street 
Montreal, Quebec, Canada H4P 2R9 


(514) 345-2200 
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& 


rate. This unique long code is 
the channelization for the re- 
verse link, 

The modulation is filtered 
QPSK in the base station and 
filtered offset QPSK in the 
mobile station. Note that the 
(/Q diagrain for the base sta- 
ion signal is for only a single 
channel (such as the pilot chan- 
nel). (See Figure 8 on page 62.) 
In normal operation, many 
channels are summed together 
and transmitted on top of each 
other by the base station. 
O-QPSK is used in the mobile stations be- 
cause it avoids the origin and makes the 
design of the output amplifier easier. For 
the base station, because many channels 
are summed together, using O-QPSK 
would not always avoid the origin because 
of the random nature of adding many sig- 
nals together. 


register. 


Signaling 

Signaling ts well-structured in CDMA. 
The full data rate of 9,600bps can be shared 
between dala for the user and signaling 
data, The channel ts effectively a modem 


Qa 
LT 


———* LONG CODE 
[__wopute2aoomon | 


42 BITS 


USER-ASSIGNED 
LONG CODE MASK 


Figure 5. The fong code is generated using a 42-bit linear feedback shift 


that can be used for a variety of services. 
Current standards exist for Service Option 
1, the vocoder, and Service Option 2. the 
data loopback test mode. Service Option 
3, the data services test mode, is being 
balloted by the standards committee. 


Test aspects of CDMA 

The test aspects can be broken into two 
major categories: transmitter test and re- 
ceiver test, 

> Receiver test — The receiver is re- 
quired to work in the presence of high in- 
terference. For this reason, it is necessary 


to generate interference as part 
of the test equipment. 

An extra additive Gaussian 
white noise (AWGN) source is 
added to the equipment to 
simulate the interference that 
is generated by adjacent cells. 
There is also an interference 
generator that ts time-aligned 
to the test channel, but on a dif- 
ferent Walsh code. This is or- 
thogonal noise and is equiva- 
lent to the interference that 
would come from within the 
users active cell. 

Turning off the interference generators 
allows the sensitivity to be measured. This 
is More a measure Of the noise figure of 
the receiver, CDMA radios operate with 
significant levels of bit errors: the raw 
channel bits have no inherent information 
and are not available outside integrated 
circuits (ICs). The fundamental perfor- 
mance measure is the frame error rate 
rather than bit error rate, 

& Transmiuer tests — The CDMA 
transmitter is measured for modulation ac- 
curacy, which is defined as the cross cor- 
relation between the actual transmitted 


Return Loss Bridges 
Low Cost Swept SWR 
RLB1SO bridges can be used with spectrum 


analyzer/tracking generator or service monitor for 
swept SWR measurements. This technique sim- 
plifies tuning of antennas, cavities, duplexers, 
isolators and many other RF devices. They also 
can be used for cable insertion loss and imped- 
ance measurements. 

Eagle® bridges have high directivity, five watt 
power rating and built-in termination. 


Model Freq MHz 


Price 
RLB1IS0N3B $389.00 
RLB1IS50N3C 5-1300 $425.00 


RLBISONSA 5-3000 $579.00 
FREE application note: “High Performance 
VSWR Measurements”. Call and ask for it! 


Catalogue covers bridges, cable sets and other 
useful equipment. 


*CAEERE 


P.O. Box 4010 (602) 204-2597 
Sedona, AZ 86340 Fax (602) 204-2568 


5-1000 
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Henry Radio RF Amps have 
been reliable, priced right and 
available off-the-shelf for more 
than 20 years. We're just as 
reliable as our amps. All 
common bands, power ratings 
and configurations are 
available, Call today for 
specifications and prices. 


Caer 


TOLL-FREE (800) 877-7979 


HENRY RADIO 


2050 South Bundy Drive 
Los Angeles. CA 90025 


Phone (310} 820-1294 
FAX 310-826-7790 
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ACROSS TOWN OR AROUND THE 
WORLD, TELECOMMUNICATIONS 
SYSTEMS FORM A SOPHISTICATED, 
THOUGH FRAGILE, LINK THAT 
CONNECTS US ALL. CONSIDER 
THE POTENTIAL CHAOS RESULT- 
ING FROM JUST ONE SYSTEM 
FAILURE, AND THE PEACE OF 
MIND WE PROVIDE WITH OUR 
RELIABLE, MODULAR BACKUP 
EQUIPMENT. 


WE MANUFACTURE INNOVA- 
TIVE, STATE-OF-THE-ART DC 
POWER SYSTEMS AND EQUIPMENT 
FOR TELECOMMUNICATIONS. 
WE HAVE SERVED THE INDUSTRY 
FOR MORE THAN 25 YEARS YET 
WE ARE STILL AMAZED THAT 
VERY FEW PEOPLE KNOW OUR 
NAME. 


WHEN YOU MANUFACTURE 
RELIABLE, HIGH QUALITY, 
INNOVATIVE BACKUP SYSTEMS, 
HOWEVER, THE LESS SAID THE 
BETTER. 


T...:..0.. 1° 


TWINPACK®2 MOUNTING SHELVES 
ACCEPT TWO RECTIFIER MODULES. 
OUTPUTS ARE +12VDC,+24VDC 
OR -48VDC. MOST MODELS ARE 
UL AND C-UL LISTED. 


POWER CONVERSION PRODUCTS INC. 
42 EAST STREET, P.O. Box 380 
CRYSTAL LAKE, IL. 60014 


PHONE (815) 459-9100 
FAX (815) 459-9118 
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Figure 6, The CDMA forward link (base-to-mobile) channel format. 


power and the ideal. This is important. 
because any uncorrelated power from the 
transmitter is interference to all users of 
that frequency. 

The measurement must first be corrected 
for frequency error. The mobile must track 
the frequency of the base station within 
300Hz. The modulation accuracy measure- 
ment also measures frequency. Power con- 
trol needs to be checked: both closed-loop 


and open-loop. 

Open-loop is checked by setting the 
power at the antenna port to a calibrated 
level and measuring the level of the trans- 
mitter. Varying the level of the test source 
should also vary the mobile station's out- 
put power. 

Closed-loop power contro] is mea- 
sured by setting the power control bits 
to specified sequences and verifying the 


power response of the mobile unit. It is 
necessary to establish a link to make 
this measurement. 


Typical CDMA call scenario 

“Ten Minutes in the Life of a CDMA 
Mobile Station” starts with the turning-on 
of the radio and system access. It assumes 
that the user is moving through the net- 
work. It covers call initiation. soft handoff 
and call termination. 

pm System access — When the mobile 
first turns on, it must find the best base 
station. This process is similar to that in an 
analog system where the phone scans all 
of the control channels and selects the best 
one, In CDMA, the mobile unit scans for 
avuilable pilot signals, which are all on 
different time offsets. 

The process is made easier because of 
the fixed offsets. The uming of any base 
station is always an exact multiple of 64 
system clock cycles (called chips) offset 
from any other base station. The mobile 
selects the strongest pilot tone and estab- 
lishes a frequency and time reference with 
this signal. 

The mobile then demodulates the syne 
channel, which is always on Walsh 32. 
This channel provides master clock 


THEY'RE CHANGING 


THE RULES! 


First, the FCC waived SMR rules—which allowed unprecedented 
hoarding and monopolistic acquisition of channels. Now the 
FCC is proposing changing more rules—which could force 
SMR operators to relocate their customers and lose 
their frequencies by auction. If things continue, the 
small SMR operator will be driven out of business. 


SMR WON (Specialized Mobile Radio Wireless 


Operators Network) is the only industry 


watchdog fighting to protect the invest- 
ments of independent SMR operators 
nationwide, And we want you to 
be involved in the rule making. 


Call the SMR WON 
Hotline today. Don’t let 
them change the 
rules and put you out 
of the game! 


SMRWON 


1-800-906-7144. 
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AVCOM’s New 
PSA-65A Portable 
Spectrum Analyzer 


The newest in the line of rugged spec- 
trum analyzers from AVCOM offers amaz- 
Ing peCormarice for only $2,855. 

OM'S new PSA-65A is the first low 
cost general purpose portable spectrum 
analyzer that's loaded with features. It’s 
small, accurate, battery operated, has a 
wide requerey papilla - a must for 
ony technician's bench. Great for field 
use too. 


00. 

The PSA-65A covers frequencies thru 
1000 MHz in one sweep with a sensitivi- 
¥, greater than -95dBm at narrow spans. 

he PSA-65A is ideally suited for 2-way 
radio, cellular, cable, LAN, surveillance, 
educational, production and R&D work. 
Options include frequency extenders to 
enable the PSA-65A to be used at SAT- 
COM and higher frequencies, audio 
demod for monitoring, Oy Heriot anten- 
nas, 10KHz filter for .2 MHz/DIV range, 
carrying case Maedecand and more. 

For more information, write, FAX or 
phone. 


BRINGING HIGH 
TECHNOLOGY 
DOWN TO EARTH 


AVCO 


500 SOUTHLAKE BOULEVARD 
RICHMOND, VIRGINIA 23236; 804-794-2500 
FAX 804-794-8284 


Circle (57) on Fast Fact Card 


How fo enter the 
wireless world with 
profitability assured. 


Come for free! 


™™ j ae aS = 
WirelessWorld Expo '95 re ~ we , 
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- to find some hard answers. Ina 
November 7-9, 1995 conference program that nine out 
Moscone Center of 10 participants have said they'd 
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featuring the latest products and smartest $495 you'll invest this more information, call Chris 
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the WirelessWorld Expo floor. money can I make: 


195 « November 7-9 
San Francisco, CA 


irelessWorld Expo 
™ Moscone Center Last Nante__—_—__—— 


First Name : a 
Tie 
Company 
Address 


City 


Telephone 


YOLR Pt RCHASING ROLE 


YOUR PTL bet neck ane 
a 
A 7 OwneciPre emul 


ich Oned 
PRIMARY BY SINESS (Cheek One 
Wyreless Seater Operates 


AT Celtulat 1 Mar 


Bares oe. 7 Pur y 

CAV Pagine Lo Consuhane S| Marketing Sales } E 

7 SMR SMR ; ip Analyst e4 MQIS/DEILAS Manage? 
on Catt ' aha 

17 Rake omen i ea | re User G7 Onber 

boomer K 7 Osher 
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Conference & Exhibition 
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Figure 7. The CDMA reverse link (mobile-to-base) physical layer. 


information by sending the state of the 42- 
bit long code shift register 320ms in the 
future. The sync channel message also con- 
tains many other system parameters. The 
mobile then starts listening to the paging 
channel and waits for a page directed to its 
phone number. The mobile often registers 
with the base station so that the base sta- 
tion can conduct zone-based paging rather 
than system-wide paging 

The user then decides to make a call. 


! SHORT CODE 


pel Fi | 
@ SHORT CODE 


1.2288Mbps 


The number is keyed in, and the send key 
is pressed. This step initiates an access 
probe. The mobile uses the access channel 
and attempts to make contact with the serv- 
ing base station. Because no link is yet es- 
tablished, closed-loop power control is not 
active. The mobile uses open-loop control 
to guess an initial level. 

Multiple tries are allowed with random 
times between the tries to avoid collisions 
that can occur on the access channel. After 


BASE STATION 
TRANSMITTER 


FILTERED QPSK 


MOBILE STATION 
TRANSMITTER 


FILTERED OQPSK 


Figure 8. COMA modulation formats. 


each attempt, the mobile listens to the 
paging channel for a response from the 
base station, The base station responds 
with an assignment to a traffic channel. 
This is a Walsh code for the forward link, 
The traffic channels use different long 
codes than the paging channel. The base 
station initiates the land link, and a con- 
versation can take place. 

During the call, the mobile finds yet 
another base station with good power. The 


Your Communications 
Connection for 


Heliax® Coaxial Cable, Valuflex™ Cable Assemblies Heliax® 
Elliptical Waveguide, Microwave Antennas, Pressurization 
Equipment, Radiax® Radiating Coaxial Cable & Connectors 
e Local Inventory 
e Lower Shipping Costs 
¢ Connector Installation 
e Andrew’s Largest Supplier in the West 

¢ Talley Will Stage Your Orders for On Time Delivery 
¢ Cut-to-length Cable Capabilities at Every Warehouse 


800-949-7079 
Taille 


COMMUNICATIONS 


Los Angeles « Phoenix « San Diego « San Francisco 
International; 310-949-7005 


Circle (59) on Fast Fact Card 


Mobile Radio Technology March |995 


You'll profit from our 
experience in Service 
Information Management 


We've got the business and 
the software experience to 
streamline service/repair 
operations. Our product, 
ServicePlus, integrates and 
manages all administrative 
and decision support 
processes throughout the 
service cycle, 

From a single point of entry 


ServicePlus’” 


Service Information System 


Hottest Price/ 
Perf 


(Logbook), you can access ormance 
accurate customer data, in its class! 
equipment history, technicians, 
suppliers, service contracts, 
inventory and dispatch. This 2280 
modular system uses look-up 
tables and pre-set defaults to B 

uys yOu & 


make Work Order data entry 


network capable 
and information retrieval fast 


system including: 


and easy. SP Manager, Logbook, 
ServicePlus modules include: _— Inventory Control and 
* SP Manager Service Contracts. 

* Logbook (Work r x 


<. 


Orders/Invoicing) 

* Inventory Control 

* Service Contracts 

* Dispatch 

* Purchase Orders 

* ACCPAC Plus™, Great 
Plains™ or SBT™ Accounting 
Interface 


ServiceWare 

Corporation 
Tel: (613) §21-7391 
Fax: (613) 521-5595 
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RadioComm Association of Canada 
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Celebrating 


= * ‘the New. 


, Age’. 


Zonference & Trade’ Aw 
Metro ‘Toronto Convention Cen 
Toronto, Ontario, Canada 
May 31 to June 2, 1995 
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Cus celebrate 
the dawning of the 
new age in wireless 
communications. 
Radiocomm’s 1995 
Convention will 
focus on what's new 
in paging, cellular, 
two-way radio, 
mobile, satellite, 
mobile data and 
cordless telephony. 

A world-class pro- 
gram of top-name 
speakers and hard- 
hitting focus ses- 
sions will bring you 
face-to-face with 
the personal com- 
munications issues 
of the day. 

Radiocomm 95, 
Canada’s leading 
mobile communica- 
tions exhibition, will 
showcase the latest 
technologies and 
equipment in the 
rapidly changing 
wireless communi- 
cations marketplace. 

Be sure to mark 
your calendar now! 

For Conference 
information, please 
call Carrie Moussa, 
613-233-4888 or fax 
613-233-2032. 

For Trade Show 
information, please 
call Harley Austin, 
416-252-7791 or fax 
416-252-9848. 


Managed & Produced by: 


INDUSTRIAL TRADE & 
CONSUMER SHOWS INC. 
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mobile makes a request from its serving 
cell to initiate soft handoff with the addi- 
tional cell. The base station passes this 
request to the MTSO, which contacts the 
second base station and gets a Walsh as- 
signment. This assignment is sent to the 
mobile by the first base station. The land 
link is connected to both base stations. The 
mobile combines the signals from both 
base stations by using the two pilot signals 
as coherent phase references. At the 


MTSO, the signals are examined from each 
base station, and the better one is chosen 
for each 20ms block. 

As the signal from the first base station 
degrades, the mobile will ask that the soft 
handoff be terminated. At this point, the 
mobile is being power-controlled by the 
second base station (because the first cell 
probably has a very poor link). In soft 
handoff, the rule for closed-loop power 
control is that the mobile unit's power will 


N.F. Gain Comp. Device 


Receive only Freq. Ranges (MHz) {dB) (dB) (dBm) Type Price 
P3OVD, P35VD, P40VD, P45VD 30-35, 35-40, 40-45, 4550 <13 15 it) DGFET $ 44,95 
P30VDG, P3SVDG, P4OVDG, P45VDG = 30-35, 35-40, 40-45, 45-50 <0.5 26 +12 GaAsFET $109.95 
P150VD, P160VD, P170VD 150-160, 160-170, 170-180 <15 15 0 DGFET $ 44.95 
P1S50VDA, P160VDA, P170VDA 150-160, 160-170, 170-180 <1.1 15 0 DGFET $ 56.95 
P150VDG, P160VDG, P170VDG 150-160, 160-170, 170-180 <0.5 24 +12 GaAsFET $109.95 
P450VD, P460VD 450-460, 460-470 <18 15 -20 Bipolar $ 49.95 
P450VDA, P480VDA 450-460, 460-470 <12 16 -20 Bipolar $ 74.95 
P450VDG, P460VDG 450-480, 460-470 <05 16 +12 GaAsFET $109.95 
P800VDG, P830VDG, P860VDG 800-830, 830-860, 860-890 <0.6 19 +12 GaAsFET $119.95 
Inline (rf switched) 

SP30VD, SP35VD, SP40VD, SP45VD 30-35, 35-40, 40-45, 45-50 <1.4 15 0 DGFET §$ 74.95 
SPSOVDG, SPG5VDG, SP40VDG, SP45VDG 30-35, 35-40, 40-45, 45-50 <0.55 26 +12 GaAsFET $139.95 
SP150VD, SP160VD, SP170VD 150-160, 160-170, 170-180 <16 15 0 DGFET $ 74.95 
SP150VDA, SP160VDA, SP170VDA 160-160, 160-170, 170-180 <1.2 15 } DGFET §$ 86.95 
SP150VDG, SP1€0VDG, SP170VDG 150-180, 160-170, 170-1680 <0.55 24 +12 GaAsFET $139.95 
SP450VD, SP460VD 450-460, 460-470 <1.9 15 -—20 Bipolar $ 79,05 
SP450VDA, SP460VDA 450-460, 460-470 <1.3 16 -20 Bipolar $104.95 
SP450VDG, SP460VDG 450-460, 460-470 <055 16 +12 GaAsFET $139,095 


Every preampilfier Is precision aligned on ARR’s Hewilatt Packard HP8970A/HP346A state-of-the-art noise figure 
meter. RX only preamplifiers are for receive applications only. Inline preamplifiers are rf switched (for use 
with transceivers) and handle 25 watts transmitter power. Mount Inline preamplifiers between transcelver 
and power amplifier for high power applications. System S/N Improvement 6-14 dB typical. Other amateur, 
commercial and special preampiltiers avallable In the 
1-1000 MHz range. Please include $2 shipping In U.S, 


and Canada. C.O.D. orders add $2. Alr mall to forsign 

A J va nc ¢ d countries add 10%. Order your ARR AX only or Inline 

R eccliver preamplifier today and start hearing like never before! 
Research 


= 
Sm 


Box 1242 « Burlington, CT 06013 © 203 582-9409 
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Ten minutes in the life 
of a CDMA mobile phone 


* Turn on 
—system access 
« Initiate call 
—system access 
e Continue travel 
-initiate soft handoff 
—terminate soft handoff 
e End call 


be increased only if both base stations re- 
quest an increase. The request is passed 
from the second cell through the MTSO, 
and the first cell stops transmission and 
reception of the signal. The mobile is now 
only on the second cell. 

Finally, the call ends. Call termination 
can be initiated either from the mobile or 
the Jand side, In either case, transmissions 
are stopped and the land line connection is 
broken. 


Conclusions 

CDMA provides an advanced technol- 
ogy for cellular applications. It provides 
high-quality service to a large number of 
users. It is a system that has been exten- 
sively tested, and it was deployed in 1994 
in pre-commercial applications. Commer- 
cial service is scheduled to begin in 1995, 


CDMA mobile test 
requirements: 


¢ Receiver test 
—requires multiple sources 

pilot 
sync 
traffic 
noise — orthogonal 
noise — uncorrelated 

* fundamental measure is FER 


« Transmitter test 


—modulation accuracy 


correlated power 
frequency 
—power control 
open-loop 
closed-loop 
« fundamental measure is waveform 
quality 
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Paging reliability tests 
help to increase subscribers 


Technical measurements can help paging carriers to ensure customer 
satisfaction. Using portable equipment with extensive analysis capabilities 
speeds tests and keeps measurement costs within reason. 


By Tim Garrett 


Success for a paging carrier de- 
pends on the ability to provide proper 
service quality at a reasonable price 
to maintain profitability and sub- 
scriber growth. Many business and 
technical factors contribute to a 
carrier's ability to meet these objec- 
tives. Some primary technical factors 
that must be monitored in a paging 
system include: 

* signal strength vs. geographic lo- 
cation (how well the signal is received 
throughout the coverage area). 

* interference from other paging 
carriers and radio communications 
services (whether and how much other 
radio signals disrupt reception). 

e system efficiency and throughput 
performance relative to the paging 
standard and data format (how quickly 
messages are transmitted to the recipi- 
ent after they are received by the carrier, 
with results sorted according to POCSAG, 
Golay, NEC and Flex standards and by 
numeric and alphanumeric formats). 

The capability to monitor, quantify and 
track these factors is key to the long-term 
success of the paging business. Failure to 
monitor and track all of the relevant fac- 
tors can lead to erroneous conclusions 
about causes when problems arise and can 
waste time and money during preventive 
maintenance, The paging carrier's chal- 
lenge is to select and to learn to use a cost- 
effective test and measurement instrument 
that measures and analyzes the key techni- 


Garrett is vice president, new technology. 
Grayson Electronics Division of Allen Telecom 
Group, Forest, VA. The PageTracker Pro made 
by Grayson is the portable wireless measurement 
tool described in this article. 


Photo 1. For portable operation, the operator 
wireless measurement tool’s receiver assembly into a 
shoulder bag and controls the unit with a hand-held de- 
vice, Measured data are recorded on an internal random- 
access memory (RAM) card. 


2 


cal factors to reveal solutions to problems 
or suspected system deficiencies. 


Signal strength vs. location 

Most paging carriers take signal strength 
Vs. geographic position measurements. 
Usually, a technician equipped with a 
pager is dispatched to travel throughout 
the coverage area and manually log loca- 
tions where the pager receives proper 
messages. A less desirable method is to 
log customer complaints about lack of 
service in particular locations. 

As methods go. waiting for complaints 
is unacceptable because the point is to 
prevent customer dissatisfaction. Dis- 
patching a technician to log paging mes- 
sage reception is undesirable because the 
method measures only one of the relevant 
technical factors necessary to reveal system 
problems and their solutions. Moreover, the 
manual technique depends heavily on the 


inserts the 


technician’s skill and the pager’s char- 
acteristics—both may affect reception 
one way or the other, Managers at most 
paging carriers that have used the 
manual technique for years are realiz- 
ing that a more automated measuring 
technique is required to identify sys- 
tem problems properly and to imple- 
ment solutions. 

Cellular carriers, by the way, face 
many of the same problems as paging 
carriers to identify system problems 
and to devise solutions. Cellular car- 
Tiers often drive a specially equipped 
van throughout the service area to 
gather large amounts of performance 
data for later analysis by their engi- 
neering departments. Performance 
data that such vans can measure usu- 
ally are confined to cellular frequen- 
cies because the receiver is a cellular 
phone operating in its test mode. Ad- 
ditionally, the cost of such measure- 
ment vans ranges from $100,000 to 
$250,000, and they cannot be used for 
portable measurements inside buildings. 


Measuring all relevant factors 

A suitable measurement tool for paging 
carriers would measure all of the relevant 
performance factors and would be small, 
lightweight and economically priced. Por- 
table operation is required because many 
routine coverage problems occur inside 
office buildings and other enclosed struc- 
tures, Laboratory-grade hardware is nec- 
essary to ensure that data measurements 
are accurate and repeatable. Manual op- 
eration is essential to support specific 
engineering tasks in addition to automatic 
operation for use by less-skilled operators 
performing more routine tasks. Granted 
that the accumulation of measured data is 
indispensable, software tools are equally 
important to analyze measured data and 
{Oo present concise answers or reports 
about suspected problems. 


March 1995 Mobile Radio Technology 


65 


66 Mobile Radio Technology 


One portable wireless measurement tool 
designed to meet these requirements, with 
the help of a laptop computer, simulta- 
neously measures signal strengths, decodes 
paging messages, “time-stamps” the mea- 
surement and records the geographic loca- 
tion for each measurement on a maximum 
of four frequencies in any of the standard 
paging frequency bands. For portable op- 
eration, the operator inserts the receiver 
assembly into a custom-designed canvas 
bag and controls the unit with a hand-held 
device while measured data are recorded 
on an internal random-access memory 
(RAM) card. (See photo | on page 65.) 
This combination of hardware and soft- 
ware overcomes many of the problems as- 
sociated with less-sophisticated measure- 
ment techniques. 


Receivers and decoders 

The hardware consists of a rugged metal 
enclosure for as many as four plug-in re- 
ceiver modules and their associated digital 
signal processing-based (DSP) data de- 
coder, a Global Positioning System (GPS) 
receiver for position-stamping, a RAM 
card for data storage and an MC68306 mi- 
croprocessor that controls all of the hard- 


ware functions and the RS-232 port. 
Housed in a metal enclosure to shield them 
from radio-frequency interference (RFI), 
each custom-designed receiver module 
meets laboratory performance standards. 
Receiver modules are available for the 
150MHz, 450MHz and 900MHz frequency 
bands, and each receiver can scan a maxi- 
mum of 100 channels per second. A 
splitter-amplifier module connects each re- 
ceiver to the common antenna port on the 
front of the metal enclosure and provides 
the appropriate amount of gain and selec- 
tivity lo ensure optimum performance in 
each band. 

If the user does not need this common 
antenna port, the receiver enclosure may 
be equipped with an individual antenna 
connector for each receiver. The DSP- 
based decoder accepts baseband informa- 
lion from ils associated receiver and de- 
codes messages for POCSAG, Golay, NEC 
and Flex paging standards, 


Operating modes 

The three basic operating modes are 
scan, record and key page. These software 
modes control the hardware to decode, 
record and display paging messages re- 


ceived by the four individual receivers. 
This combination of hardware and soft- 
ware provides the paging carrier with a 
portable wireless measurement tool ca- 
pable of measuring, analyzing and record- 
ing all of the data required to maintain a 
profitable business. 

& Scan mode — The scan mode moni- 
tors assigned frequencies from a user-gen- 
erated scan list and records channel activ- 
ity vs. time, geographic location and fre- 
quency band. Each of the four receivers 
can scan and record radio-frequency (RF) 
activity at a maximum rate of 100 chan- 
nels per second, which results in a fast, 
comprehensive look at a wide frequency 
spectrum. All of this “frequency activity 
information” is “stamped” simultaneously 
with time and geographic location. When 
used with mapping software, signal 
strength data can be used to generate pag- 
ing coverage contour maps. (See Figure | 
on page 68). An additional application for 
the scan mode is to identify and quantify 
interference sources as a function of time 
and geographic location. 

& Record mode The record mode 
decodes all of the paging messages from 
each of the four receivers, adds a time 


ye: Finally, a two-way 
hawa radio package that’s 
truly affordable! 


¢ 16 Channels 


© SW/1W VHF-4W/1W UHF 


e Leather Case 


* Compact Charger 
* Priority Channel Scan 


* Time Out Timer 
¢ PL Tones 
* Nicad Battery 


Haewa Communications 
A Division of Haewa Corporation 
4357-B Park Drive 
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* Rugged Die Cast Frame 
¢ 2 Year Warranty* 


ONE LOW PRICE-$299 VHF or UHF 


CALL US TODAY! 
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FAX 1-404-921-2896 
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"One (1) Year on accessories 
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AND DESIGN TO SERVICE ALL YOUR 9850-A WEST GIRTON DRIVE 
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303-988-8208 
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record mode is the capability 
of recording the time-, date- 
and posilion-stamped list of 
batch efficiency for each 
paging message. 

p Key page mode — The 
key page mode screens paging 
traffic from all four receivers 
in real time to selectively re- 
ceive only certain pages, mes- 
sage lengths, capcodes or pag- 
ing standards. The user defines 
the screen characteristics and 


‘| 


ra 


software, paging carriers can 
3 i can be drawn. g 
signal strength. With enough measurements, paging coverage contour maps rawn customer expectations. mm por- 


; Dei Ov irare i —— can change them any time. An 
E f Madiso unlimited number of trigger 
é e o FT” | semgical profiles are available to the 
& make the measurements and 

table wireless measurement 


bod ! user for virtually any test that 
‘ —~ (_| tedepend may be necessary. 
Vi ie Si conduct the analyses necessary 
to maintain a level of paging 
and position stamp and records the data. of paging messages as a function of any tool can make the difference in revealing 
The user can define a setup mask to dis- of the standard paging formats, includ- system deficiencies and indicating solu- 


With suitable hardware and 
Figure 1. Mapping software can process signal strength data to plot position Information together with the system performance that meets 
play the percentage, number and length ing Flex. An additional function of the tions to problems. axing 


TRANSMITTER LOCATION Squelch your Voting System problems 
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i for details An Dial-Up Line 
_— — — Remote Comparator Concentrator 


@ Displays voting sytem and receiver status on local PCs, 
remote PCs, or consoles. 

® Disables faulty receivers remotely — 
without making a trip to the comparator. 

® Logs receiver failure history with time and date stamp. 

® Helps diagnose system problems fast. 

® Great for finding intermittent problems with receivers 
and wirelines. 


| Features: 


Compatible with: 
® Conventional and Trunking systems 
® Motorola Digitac, Spectra-TAC, and TAC comparators 
® Ericsson / G.E. Analog Voters 
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(513) 595-5900 
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Technically speaking 


{continued from page 8) 


isolation, and more isolation could be 
obtained by inserting isolation amplifiers 
between the generator outputs and the 
combiner. 

Of course, proper padding must be used 
to maintain a good impedance match 
throughout. Just remember, the setup 
shown in Figure 2 is a simplified version 
of the elaborate setup used in laboratories. 


__ Diversity Reception 
Really Sucks..* 


Data Out Of RF Noise! 


ElectroCom's Diversity Reception 
Controller revolutionizes mobile data communi- — more information or technical 
cations, The Diversity system eliminates data EectroCom at: L (310) 946-9493 


dropouts caused by Rayleigh fading. resulting or fax to: 1 (310) 946-7483 
ElectroCom Communication Systems f= 
10400 Pioneer Blvd, Bldg E-2 Santa Fe Springs. CA 90670-3728 
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Express yourself 


Something bothering you? Want to 
sound off about it? 


in increased reception in margi 


Need help that other readers might 
provide? 


Send a letter to: 


Letters to the editor 
Mobile Radio Technology 
P.O. Box 12901 
Overland Park, KS 66282-2901 
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SPECTRUM 
ANALYZER 


Figure 5. A device under test (DUT) is tested for 
third-order intermod using this simplified ver- 
sion of the laboratory setup. See text for infor- 
mation about the integrity of the test setup. 


The whole purpose is to make sure that 
any IMD caused by the test setup is sup- 
pressed far below the IMD generated in 
the device under test (DUT)—in this case, 
the spectrum analyzer. 


Dynamic range 

Gradually increase the generators’ out- 
puts at equal levels until the third-order 
intermod products just begin to appear 
above the noise level on the spectrum ana- 
lyzer display. At this point, the difference 
between the level of tone A (or B) and one 
of the intermod products (2A - B or 2B - 
A) is called the dynamic range of the spec- 
trum analzyer, For example, when the dif- 
ference between tone A and the 2A — B 
product is 70dB, the dynamic range of the 
spectrum analzyer is 70dB. (See Figure 3 
on page 8.) 


Third-order intercept 

Once the intermod signals form, the lev- 
els of the IM signals increase rapidly as 
the level of the two tones increases. In fact, 
the level of the IM signals increases much 
more rapidly than the level of the funda- 
mental tones (A or B), For this reason, 
theoretically, a point would be reached 
where the level of the IM signals would 
become equal to the level of the funda- 
mental tones, A or B. (See Figure 4 on 
page 8.) This point is called the third- 
order intercept point. This point occurs 
when the input tones are increased about 
15dB above the point of 1dB compression. 

Remember, the third-order intercept 
point exists only in theory. In practice, an 
amplifiers compression prevents IMD 
signals from reaching this point. Regard- 
less, the third-order intercept point is an 
important specification for amplifiers and 
receivers. It tells a lot about how the am- 
plifier or device should be operated, Al- 
though higher-order intercept points could 
be specified, third-order intermod is the 
most prominent and therefore the most 
troublesome. 

Figure 5 above shows how a typical 


-50 
INPUT LEVEL (dBm) 


Figure 6. This graph of the third-order intercept point of two amplifiers is useful in determining the amplifier's operating conditions, input/output levels 
and IM levels. See text for details. 


Identify and prevent RF 
communications site 
interference in minutes 


rather than hours. 


@ = [ntermodulation Signal Level Analysis 


@ ‘Transmitter Noise and Receiver Desense Analysis 
@ Eliminates the "Shotgun" Approach to Site Design 


and Management 


ComSitePlus™ calculates all RF interference signal levels and 
recommends additional isolation needed to prevent receiver 
performance degradation. Works with all wireless radio bands 
(SO0KHz to 2,000 MHz). 


COMSITE 
RRA MPLS 


BY DOUGLAS INTEGRATED SOFTWARE 
For a detailed brochure, call 800-845-0408 or 904-656-8673. 


Individual communications site consultation available. 
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The on time, 
on budget 
tower specialists 


Custom Fabrication Facility 
* Complete Turnkey Operation 
e Site Preparation 

¢ Foundations, Tower, Antenna 
e Wave Guide Installations 

¢ Guymast Analysis 


Tryion 
© Manufacturing 
Co. 


P.O. Box 186 

21 Howard Ave. 

Elmira, Ontario N3B 2Z6 
Tel: (519) 669-5421 
Fax: (519) 669-8912 
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DUT is tested. This configuration could 
represent receiver testing. The spectrum 
analyzer could be connected to the first IF 
amplifier’s output or another such test 
point in the receiver. The test would in- 
clude all circuits between the receiver in- 
put and the point of measurement. How- 
ever, the first active device will be the 
main determining factor, 


Third-order intercept graph 

Figure 6 on page 69 shows the third- 
order intercept points for two amplifiers. 
Both amplifiers have 20dB gain. One has 
a third-order intercept point of +30dBm; 
the other has a third-order intercept point 
of +10dBm. 

Notice that there are three graphs. One 
represents the amplifier’s linear output vs, 
input—the 1:1 ratio line that means that 
the output (vertical scale) changes 1dB for 
each 1dB change in input (horizontal 
scale), The other two lines representing 
the intermod signals have a 3:1 slope. 
which means that. with a 1dB change in 
the input level, the output level will change 
by 3dB. The point where the 3:1 graph 
intersects the 1:1 graph is the third-order 
intercept point. Notice that one point is at 
+30dBm, and the other is at +10dBm, 


Third-order intercept formulas 


These formulas take into account the 
DUT’s gain and are based on the input 
signal levels. 


3(Py;+G) -— P, 
lpo| ae 


P, = (Py; + G)—2Ip 


3 


Pri ~[(Baen te) sen “te 


power (dBm) in third-order 
intermod signal. 


= power (dBm) of either tone A or 
tone B at the input. 


G = gain (dB) of amplifier. 


Ip = third-order intercept point (dBm). 


These formulas represent the levels of 
tone A and tone B at the point where the 
spectrum analyzer is connected. 


tn=(24=8) 


2 (4) 


P, = 3P,; —2Ip (5) 


Py= [eae ae : (6) 


where 


P3; = power (dBm) of third-order 
intermod signal. 


P,; = power (dBm) of either tone A or 
tone B. 


Ip = third-order intercept point (dBm). 


The Newest Technology in 
Wireless Mobile Computing 


Bringing Public 
Safety Into The 
21st Century 


The METROPLEX wireless 
computer network features 
total system integration 
with expansion capabili- 


When you Need More Than Just the Facts! 


Call for more information: 


1-800-DATAMAN 
1-800-328-2626 


METRSEPLEX 


MOBttLe PATA, ine 


Metroplex Mobile Data, Inc. 


1640 West Oakland Park Blvd., Ft. Lauderdale, FL 33311 
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CHECKMATE IV 


* PROGRAMMABLE FOR GREATER FLEXIBILITY 
* MONITOR FOR FIRE APPLICATIONS 
* 2 CHANNEL FOR CONVENIENCE 
* 3 YEAR WARRANTY FOR RELIABILITY 


SHINWA Communications of America Inc. 
P.O. Box 26407 * Oklahoma City, Okiahoma 73126 
1-800-627-4722 » FAX: 1-800-759-1722 « CANADA 604-876-0006 
SHINWA Tsushinkl Co.,, Ltd. (03) 3313-1211 
12-2 Hamadayama 4-Chrome * Suginamiku Tokyo, Japan 


FOR LONGER DISTANCES 


Circle (71) on Fast Fact Card 


The graph takes into account the 


amplifier’s 20dB gain. For example, an 
input level of -40dBm (horizontal scale) 
corresponds to an output level of -20dBm 
(vertical scale). 

Suppose a receiver has a sensitivity 
of ~110dBm or 0.74. To prevent the 
third-order IM signal from degrading the 
reception of a —110dBm signal, the IM 
signal should be suppressed at least 10dB 
below the desired signal level. In this case, 
the third-order IM signal should be no 
greater than -120dBm to prevent any in- 
terference to the desired signal. 

To determine the maximum input/out- 


The IMD ratio can be 
defined as the difference 
in the level of the 
desired tone (A or B) 
and the level of the 
third-order IM signal 
measured in decibels. 


put level that the have two tones can reach 
before causing distortion, a line is drawn 
from the —120dBm point on the vertical 
scale to intersect the IM slopes. Then, 
vertical lines are drawn up to the I:1 
slope and down to the horizontal scale. 
These lines are shown as dashed lines in 
Figure 6, The dashed lines intersect the 
1:1 slope at the —20dBm point for the 
+30dBm slope and at —33dBm for the 
+10dBm slope, 

Similarly, the dashed lines intersect the 
horizontal scale at —40dBm for the 
+30dBm slope and —53dBm for the 
+10dBm slope. Thus, for the +30dBm 
slope, the output level of tone A or B 
should be no greater than —20dBm, and 
the input level to the amplifier should be 
no greater than -40dBm. 

For the +10dBm slope, the output level 
of tone A or B should be no greater than 
~33dBm, and the input level should be no 
greater than —53dBm. If the input/output 
levels exceed these limits, the third-order 
IM signal will exceed the -120dBm level 
and will degrade the -110dBm desired 
signal. 


IMD ratio 

The IMD ratio can be defined as the 
difference in the level of the desired 
tone (A or B) and the level of the third- 
order IM signal measured in decibels. 


New Unique Cable 
Grounding Kit Series 


Uni-Kit 2 Series 


>» Fits cables up to 2” (down to 1/4”) 
> Fits elliptical waveguides 
> Lower resistance (less than half others) 
> Lower inductance (almost half others) 
> Vibration and wind tested 
> Quick nut driver installation 
> Adjustable strap to cable angle 
> Four models for no dissimilar connections 
> Competitively priced 
ery 


Pa 


- 


Uni-Kit2CT = Uni-Kit2CC = Uni-Kit2TT ~—_-Uni-Kit 2TC 


Copper coax Copper coax 
to Tower to Copper to Tower to Copper 


* Can also be used for grounding a galvanized tower leg. 


KPolyPhaserA 


CORPORATION 
(800) 325-7170 m (702) 782-2511 m FAX: (702) 782-4476 
2225 Park Place @ P.O. Box 9000 = Minden, NV 89423-9000 
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Technically speaking 


The IMD ratio must be specified at a 
given input or output level because the 
IMD ratio becomes worse as the input/ 
output level increases. 

Take the case of the 20dB amplifier with 
the +30dBm third-order intercept point. 
When the output level of tone A or B is 
-20dBm, the level of the third-order IM 
signal is -120dBm. This difference repre- 
sents an IMD ratio of (-20) — (-120) = 
100dB. 

Now, look at the case for an output 
level of OdBm. As shown by the dashed 
line, the third-order IM signal is -60dBm. 
Thus. the IMD ratio is now 60dB. The 
ratio gets worse fast as the input/output 
level increases! 


Formulas 

You can use formulas listed on page 70 
to make calculations involved with third- 
order intercept. Formulas 1-3 take into 
account the DUT’s gain and are based on 
the input signal levels. This means that 
the spectrum analyzer used to study the 
intermod is connected to the ourpur of the 
device, and the signal levels used in the 
formulae (Pj) are the levels of the tones 
(A or B) at the input to the device. 


* CUSTOM GROUND BARS 


LIGHTNING PROTECTION * GROUNDING 
SURGE SUPPRESSION 


1066 CAMPUS DRIVE, MUNDELEIN, IL 60060 
(708)362-4848 ° (800)842-7437  (708)362-3519 
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* CALL FOR A FREE CATALOG 


AARGE IR” 


LIGHTNING PROTECTION, INC. 


Formulas 4-6 represent the levels of the 
tones (A or B) at the point where the spec- 
trum analyzer is connected. These ex- 
amples demonstrate the practical use of 
the formulas. 

Example: The DUT is an RF amplifier 
with 20dB gain and a +20dBm third-order 
intercept point, The level of the third-or- 
der IM signals must be kept to no more 
than -60dBm. What is the maximum level 
of tone A or B short of causing IM signals 
greater than —60dBm? 

Solution: Use Formula 3 on page 70 and 
substitute values from the example. 


Py = 


(=) 


= —26.7dBm 


a — 3(20) + 2 0] 
3 


Example: The DUT is an RF amplifier. 
A spectrum analyzer connected to the out- 
put shows the third-order [M signal at a 
level of -60dBm and the level of tone A at 
—10dBm. What is the third-order intereept 
point? 


solar Electricity, 
Dependable Power, Anywhere. 


Wherever you need reliable 
power for telecommunications, 
Siemens solar systems can 
delivery it. Under any 
environmental condition. 


High-efficiency and long-term 
proven performance make 
Siemens modules your best 
choice for all types of solar 


Solution: Use Formula 4+ on page 70 and 
substitute values from the example. 


3(-10) =(-60) 
| p= a 


Next time, we will look at 
intermodulation from a different perspec- 
tive and learn how to take advantage of the 
behavior of the third- and higher-order 
intermodulation process to gain an advan- 
tage in suppressing it. Stay mined! 
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powered communications 
installations. 


See Your Siemens SolarPowerPro 
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Believe it or not 


By Robert H. Schwaninger Jr. 


It has been my experience that many 
telecommunications systems operators 
are unaware of many facts, circum- 
stances and laws that can affect the 
manner in which they do business. 
Following are little tidbits of information 
that can alter one’s view of the industry 
or simply make for interesting cocktail 
party chatter—that is. if the people at the 
party are radio system operators and not 
members of the general public, whose 
eyes (end to glass over when we speak in 
our version of “techno-legalbabble.” 

Over the years, | have collected a num- 
ber of war stories, interesting snippets of 
data and law, and some generally amusing 
stuff. This information may be useful. If 
not useful, then maybe the information will 
be amusing. If not amusing or useful, then 
maybe it will serve as the basis for further 
changes in the Communications Act, be- 
cause Congress often uses information 
that is neither useful nor amusing to 
motivate its members, 

* * * 

The Communications Act mandates 
a one-year statute of limitations for 
violations of the FCC Rules. Be care- 
ful using this information. The ques- 
tion that you need to ask is When does 
the one-year period begin to run? 

+ * * 

Despite FCC claims to to the con- 
rary, there is no Wireless Telecommu- 
nications Bureau operating under law 
within the agency. For a new bureau to 
have legal authority, the FCC must 
publish rules that delegate authority to 
the new bureau. No notice of such del- 
egation of authority has been published 
as of Jan. 20. 

* * * 

Morgan O'Brien, chairman of 
Nextel Communications, was quoted 
within the past few weeks as claiming 
that he never said that Nextel would be 
the third cellular provider. Someone should 
tell the FCC of Nextel's diluted claims as 
the agency wrestles with the issue of regu- 
latory parity among various types of wire- 
less telecommunications carriers. 

% * * 


To the best of my knowledge, only one 


Schwaninger, MRT’s regulatory consultant, is a 
partner in the law firm of Brown and 
Schwaninger, Washington, DC. He is a member 
of the Radio Club of America. 


entity has ever been allowed to use Rail- 
road Radio Service frequencies under au- 
thority of the FCC’s interservice sharing 
rules. The singular approval was granted 
under threat of intervention by former U.S. 
president George Bush. 

* * * 

A former FCC licensee was found to 
have abused its license for operation of 
a Public Coast Radio Service station 
when the commission found that the 
station was using Special Emergency 
Radio Service channels to order liquor 
supplies for a brothel. In defense. a rep- 
resentative of the licensee said, “When 
you run out of liquor at a whorehouse. 
it is a special emergency.” 

* of a 

The FCC took two years (o decide a 
matter that arose out of allegations that 
one of the parties involved in a dispute had 
transferred control of a radio communica- 
tions facility without FCC authorization. 
In its decision, the FCC stated that, given 
the passage of time, the issue had become 


moot. 
* * * 


YA GOTTA LOVE THE Foc — 
THiS PRACTICALLY WRITES 


ITSELF/ 


The FCC rules require that a licensee 
must be willing to testify against itself, 
even in matters alleging criminal activity. 
Obviously, the Fifth Amendment to the 
U.S. Constitution was circumvented, ig- 
nored or overturned somewhere along the 
line by the commission's administrative 
notice-and-comment rulemaking. 

= * * 

While interviewing former president 
Jimmy Carter, CNN anchor Bernard Shaw 
said that his network had ftercepted one 
of Carter's private conversations when it 


was carried by radio communications from 
the plane to a land-based facility as Carter 
returned to the United States from Haiti. 
The statement amounts to an admission of 
violating FCC rules against making use of 
the content of intercepted radio communi- 
cations, Thus far, 1 know of no FCC effort 
to fine the news organization for a breach 
of the confidentiality rules. 

* x * 

Nextel Communications has never been 
given authority to operate as an entity eli- 
gible for a Commercial Mobile Radio 
Service license because the FCC has yet to 
act on the company’s request for a waiver 
of the foreign ownership rules. The waiver 
request has been pending for more than a 
year. 

ue Me ae 

Included among issues required to be 
covered in environmental impact studies 
for constructing a new radio tower is 
whether the facility will interfere with 
“nocturnal migratory fowl.” /1 seems as 
though some geese don't know when to 
duck when it’s dark. 

* * * 

Rarely is the FCC required to take any 
specific action within a certain time 
limit. One exception is that the FCC has 
10 days to respond to requests for infor- 
mation filed under provisions of the Free- 
dom of Information Act. 

* * * 

FCC precedent allows applicants, un- 
der certain circumstances, to extend fil- 
ing deadlines by one day. This precedent 
arose out of the fact that most telecom- 
munications lawyers are procrastinators 
and know the art of effective whining. 

* bad * 

In the recent Capital Radio Telephone 
case, the administrative law judge found 
that the Private Radio Bureau (PRB) had, 
in fact, prosecuted the victim. One wag 
stated, “This was a first. The PRB nor- 
mally persecutes the victim.” 

* t * 

Finally, the FCC requires local ex- 
change carriers (telephone companies) 
that experience service outage to more 
than 50,000 lines to call the FCC and 

notify it of the problem. Sounds tike stand- 
ing in front of a room and asking for a 
show of hands from the absentees. 

* * * 

You are invited to send me a letter de- 
scribing your bizarre regulatory expen- 
ences. The writer of the best letter, to be 
judged only by me because I don't want to 
split the bribes, will receive a copy of the 
Communications Act—which the U.S. 
General Printing Office says has been out 
of print since February 1993. 
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Readers’ choice 


Of all the new products and services in the July 1994 issue, 
the one reprinted here generated the most reader requests for 
additional information. If you missed it the first time, here 
is your opportunity to acquire more information on it. Just 
circle the corresponding Fast Fact Card number on the card 
found in the back of this issue and mail the card to us. 


Vehicular repeater extends UHF hand-helds’ range 


The VR-100 low- 
power vehicular re- 
peater from Pyramid 
Communications 
provides extended 
range to UHF hand- 
helds by crossband 
repeat operation with 
an existing mobile. 
The VR-100 is Mo- 
torola PAC/RT-compatible and provides features for “first 
man out” priority sampling, multi-vehicle operation and 
local mic repeat. Jumper-selectable options include con- 
ventional/trunking applications, lock tone frequency, prior- 
ity sample rate, COR polarity, remote enable polarity and 
flat or 6dB/octave audio response, The VR-100 is 5.25"W 
X 6"L X 1.1"H and weighs 18oz. 
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SMR network offers full-featured voice, data services 


Ericsson's PCN (Private Communications Network) has in- 
tegrated voice and data services for the SMR market. PCN is 
based on Ericsson's EDACS digitally trunked wireless com- 
munications system. PCN allows operators to construct a 
shared SMR system to provide dispatch, telephone and data 
network services. PCN’s features include mobile data trans- 
mission at 9.6kbps on all channels that supports field service 
reporting. AVL and fax applications: larger cell sizes: dispatch 
capability; phone service with voice messaging and call for- 
warding; and paging and centralized diagnostics. 
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Line-interactive UPS units monitor power status 


The Smart 750 RM 
and Smart 1250 RM 
rack-mount uninter- 
ruptible power supply 
(UPS) systems from 
Tripp Lite are de- 
signed for installation 
in standard 19" racks. 
Both feature eight ac 
outlets, detachable rack handles. a recessed front-mount mas- 
ter switch and metal casing. Both units are microprocessor- 
controlled, line-interactive UPS units with communications 
and monitoring capabilities for both power status and network 
interaction. Other features include full-time voltage regula- 
tion, spike and noise filtering. battery testing, remote control 
and reboot. 
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Adapter kit serves in-series and between-series needs 


RF Industries’ RFA- 
4027 SMA Technician’s 
Adapter Kit includes the 
13 most popular SMA 
adapters. It also contains 
both in-series and be- 
tween-series adapters. 
The adapters are housed 
in a rugged, zippered, 
leatherette case de- 
signed for easy carrying or storage. All adapter sections are made 
of nickel-plated machined brass with gold-plated contacts an- 
chored in Teflon dielectrics. 
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Rechargeable battery provides high energy density 


The TLR-7103 “In- 
Charge” AA _ re- 
chargeable lithium 
battery from Tadrian 
Electronic Indus- 
tries is designed to 
have an energy den- 
sity 50% greater than 
NiMH or lithium ion 
equivalents and 250% 
greater than NiCd 
equivalents. The bat- 
tery features a safer, 
patented cell chemistry, high capacity retention, no memory 
effect. a broad operating temperature range and no heavy 
metals. Discharge current performance is as high as 2A, con- 
tinuous and pulse, with a flat discharge curve. 
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Numeric pager supports Flex, POCSAG formats 


NEC America’s NEC Facts Exec numeric pager uses both 
the Flex and POCSAG formats. Incorporation of the Flex for- 
mat is designed to increase subscriber capacity for the system 
operator and battery life for the individual user. The NEC 
Facts Exec is the company’s smallest offering to date, measur- 
ing 2.5" X L&I" x 0.78" and weighing 2.19 ounces. Features 
include three-button operation, message memory. clock and 
time stamp. multiple user-selectable alert modes and a 12- 
character backlit display. 

Circle (355) on Fast Fact Card 


Modem modifies radios for transfer of electronic data 


Trident Micro Systems has introduced the M-12 Data Mo- 
dem. The M-12 is a small PCB designed for easy installation 
into a trunked or conventional radio, regardless of brand, for the 
transfer of electronic data from PC to PC. The modem also will 
transfer programming information to the Trident TNT-100, 110, 
120 or CR-355 and does not interfere with the other operations 
of the controller or call router, Data will transfer in blocks as 
large as 2K. Auto error correction will resend any data that is 
recognized as corrupted by the receiving modem. The manufac- 
turer recommends ProComm Plus software by Datastorm Tech- 
nologies for PC communications using the X-MODEM protocol. 
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Digital voice recorder provides non-volatile security 


Sigtronics’ 
digital voice re- 
corder instantly 
records informa- 
tion from dispatch 
to be played back 
later, helping to 
reduce radio traf- 
fic. Both sides of radio and intercom conversations can be 
recorded. The recorder is non-volatile; messages will not erase 
with loss of power, only when recorded over. The unit is com- 
patible with all Sigtronics intercom systems. 
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Mobile EMS encoder includes memory dial feature 


The model 1012T microprocessor- 
controlled encoder is used in mobile 
emergency medical services (EMS) ap- 
plications to selectively call different 
hospitals in accordance with the nation- 
wide H.E.A.R, system. The unit from 
Pyramid Communications sends dialed strings of as many as 
seven digits in length from 10 user-programmable memory 
locations or direct entry. Dialed digits appear on an LED display 
as they are sent, All operating parameters are front-panel program- 
mable and stored in non-volatile E2PROM: 2,805Hz/1,500Hz tone 
sets, dial speed (8/20dps) and PTT delay/trunking operation. The 
4A" X 5" & 1" unit weighs 14 ounces and is housed in a one-piece 
extruded aluminum case with a sealed membrane keypad. 
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Decoder handles CTCSS, DCS and DTMF formats 


Connect Sys- 
tems* model CD-2 
communications 
decoder decodes 
and displays 104 
DCS codes, 50 
CTCSS codes and 
all 16 DTMF dig- 
its. The CD-2 can be used with service monitors or any scanner 
to decode communication codes. All decoded data are also 
available on the RS-232 serial port. Optional interface soft- 
ware allows viewing of decoded data on a PC to acquire time, 
date and hits per CTCSS or DCS code plus usage graphs. All 
programmed data from the TP-154 and TP-154 Plus tone pan- 
els can be downloaded and then displayed or printed. 
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Mobile system prepares graphical accident reports 


PSI International and Shapeware have released the Mo- 
bile Accident Reporting System (MARS), an accident report- 
writing system for public safety. MARS incorporates true 
graphical user interface functions including special drawing 
tools based on Shapeware’s Visio 3.0 product. MARS uses 
Microsoft's Windows for Pen Computing tools and handwrit- 
ing recognition technology to simplify and speed the capture 
of accident information. Additionally, MARS captures GPS 
information and can include digital photographs from an acci- 
dent scene to provide a complete report. Officers also can 


make freehand drawings or notes at the scene for later inclu- 
sion in a word processing environment provided with MARS. 
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Data station operates in-vehicle or as a portable 


PacketCluster 
Systems’ mobile 
data communica- 
tions system is a 
briefcase-mounted 
station that allows 
users in the field 
to send real-time 
messages, access 
database informa- 
tion and create 
and upload re- 
ports. The station consists of a notebook computer, radio trans- 
ceiver and RF modem housed in a high-impact plastic case. A 
rechargeable battery and built-in antenna allow the unit to be 
used without external connections. For in-vehicle use. the unit 
also can be plugged into a dashboard de outlet and used with 
an external magnetic-mount antenna. An AVL module is also 
available to automatic transmit a location to a central dispatcher. 

Circle (361) on Fast Fact Card 


Right-angle antenna fits specialty wireless niche 


The EXR-2400-TN right-angle antenna from Centurion 
International is designed for mobile equipment operating at 
2.4GHz. The injection-molded, flexible antenna is a movable 
right angle, giving the user a rotating antenna, ideal for several 
wireless devices including mobile laptop computers. The an- 
tenna is available with a TNC connector. 

Circle (362) on Fast Fact Card 


Unit monitors alarms, messages to alpha pagers 


Miracom Technologies’ Printpage system hosts com- 
puter alarm messages and E-mail messaging to 
alphanumeric pagers. The system does not require new soft- 
ware, programming or a new PC and works in either the 
UNIX or DOS environments, Printpage installs between the 
serial ports of the user’s computer and printer, “spying” on 
the passing print traffic. The interface baud rate is select- 
able from 300bps to 9,600bps. The unit comes equipped 
with a 4-hour internal backup battery. 

Circle (363) on Fast Fact Card 


Power amplifier line expands to include 800/900MHz 


LH Power Amplifiers has added three 800/900MHz ampli- 
fiers to its existing line of UHF amplifiers. Power levels are 
from 40W to 175W of clean power, and the amplifiers are 
rated for continuous duly to meet the demands of paging and 
communications operations. Teflon-filled, hardline coax is 
used in all RF circuits. The two largest amplifiers are con- 
structed on a 6-pound, nearly |-foot-square heal sink, cooled 
by three quiet fans and monitored for overtemperature, over- 
drive/underdrive and VSWR. The amplifiers endure an ex- 
tended burn-in period at the factory and are backed by a 
two-year warranty. 
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iterature 


Books give overview of private LMR, private microwave radio services 


‘Two books published by the Industrial 
Telecommunications Association (ITA) 
and written by Frederick J. Day explore 
the origins of the private radio services 
and detail critical stages in their evolution. 

Policies and Practices in the Regulation 
of Private Radio Communications Systems 
explores the history of private radio, from 
traditional two-way radio and one-way pag- 
ing systems to 800/900MHz industrial, 


business and land transportation systems. 
It also examines the events and decisions 
that were critical in shaping the private 
operational-fixed microwave radio services. 

Private Land Mobile Radio and Pri- 
vate Microwave Radio Decisions: A Chro- 
nology and Summary presents a look at 
more than 1,000 FCC decisions affecting 
the private radio services, from 1934 to 
the present. 


Circle (250) on Fast Fact Card 


Catalog details towers 

An eight-page catalog from Sabre Com- 
munications features the company’s line 
of self-supporting and guyed towers, as 
well as custom-built towers for AM, FM, 
microwave, cellular, CATV and other ap- 
plications, The publication also reviews 
Sabre's in-house design, manufacturing 
and installation capabilities. 

Circle (251) on Fast Fact Card 


Data sheet covers modulation meter 

A two-page data sheet lists the specifi- 
cations and enhancements of the model 
8211 FM/AM modulation meter. Jt ex- 
plains why the 8211 provides high-perfor- 
mance and self-calibration capability, and 
explains the advantages of true peak de- 
tection. The data sheet from Boonton 
Electronics details why the 8211 is suited 
for maintenance of mobile communica- 
tions equipment. 

Circle (253) on Fast Fact Card 


Catalog highlights new products 

A 38-page catalog highlights products 
added to Zetron’s 1995 guide with a short 
description and a page number telling 
where to find more detailed information. 
The guide includes more than 100 prod- 
ucts and services, ranging from micro- 
phones to wide-area voice and data com- 
munications systems. 

Circle (252) on Fast Fact Card 


Catalog includes components 
A 44-page wireless catalog from Loral 
Microwave-Narda covers components, 
networks and instruments for SMR, cellu- 
lar and personal communications services 
(PCS) applications. The catalog features 
advanced products such as receiver 
multicouplers, high-power hybrid combin- 
ers and the CellGuard power and VSWR 
monitor, which is available in a remote 
display version. 
Circle (254) on Fast Fact Card 


Short-form catalog lists test and measurement products 


A 12-page, color, short-form catalog of 
the top-selling Anritsu Wiltron test and 
measurement products is available. Prod- 
ucts are organized by application with a 
concise listing of specifications and fea- 
tures, The catalog provides an overview of 


Catalog includes wiring accessories, 
identification products 
The 74-page Wiring Accessory Special- 
ists Catalog from Neleo Products contains 
seven color-coded sections: cable ties and 
accessories; terminals and connectors; 
identification products; routing products 
including sleeving and tapes; tubings for a 
variety of purposes; related products and 
tools for assembly; and services such as 
cutting and hot stamping. The catalog pro- 
vides product descriptions, specifications, 
part numbers and photographs or line 
drawings relating to each product. 
Circle (256) on Fast Fact Card 


the company’s product line, including 
spectrum analyzers, digital mobile radio 
base station testers, network analyzers, bit 
error rate testers and data transmission 
analyzers. 

Circle (255) on Fast Fact Card 


Catalog contains 
electronic repair parts 

A 324-page catalog contains more than 
21,000 total items and 2,600 new ones, in- 
cluding project accessories, semiconduc- 
lors, connectors, test equipment and com- 
puter products. MCM Electronics’ cata- 
log introduces Nady microphones, Perma- 
Seal heat sealable nylon splices and a new 
line of Eveready products. 
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MCI enters into agreements 
with PageNet, SkyTel 

MCI, Washington, DC, has entered 
into agreements with Paging Network 
(PageNet), Plano, TX, and SkyTel, 
Washington, DC, to provide wireless 
messaging services nationwide to con- 
sumers and businesses under the MCI 
brand name. 

MCI will provide local and nation- 
wide messaging services to its Friends 
& Family customers as part of the 
company's Friends & Family Connec- 
tions program. MCI customers will be 
able to receive text messages, electronic 
mail, fax and voice mail notification, 
and news and information updates 
through paging and portable computing 
devices, 

Targeting the growing mobile work 
force, MCI will market paging and mes- 
saging services to businesses under the 
brand name networkMC] Paging. 


Western Multiplex 
to merge with Glenayre 

Glenayre Technologies, Charlotte, 
NC, and Western Multiplex, Belmont, 
CA, have signed an agreement to merge 
the two companies. The merger is in- 
tended to capitalize on Glenayre’s 
worldwide distribution system and cus- 
tomer base. 

Western Multiplex designs, manufac- 
tures and sells digital and analog point- 
to-point microwave radios for a variety 
of markets. The company will operate 
as a division of Glenayre, representing 
a new business segment that is comple- 
mentary to Glenayre’s core customers 
but also increases diversity of Glen- 
ayre’s products and markets. 


NNS, Incom to jointly operate 
220MHz licenses 

Incom Communications (ICC), Ana- 
heim Hills, CA, and Narrowband Network 
Sysiems (NNS), Mountlake Terrace, WA, 
have reached an agreement in principle to 
operate their 220MHz licenses jointly. 
ICC will act as the system manager. The 
agreement is subject to final approval 
from each company’s board of directors. 
The two companies have management 
agreements for a total of 137 220MHz li- 
censes in 40 markets throughout the 
United States. 

The complete buildout is on schedule 
to meet- the FCC deadline. All of the 
infrastructure hardware is in-house or 
on order and is fully funded by ICC and 


NNS. 
AR 
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BROWN AND SCHWANINGER 


Attorneys At Law 


1835 K Street, N.W. 
Suite 650 
Washington, D.C. 20006 


202/223-8837 
SERVING THE NEEDS OF THE ENTIRE INDUSTRY 


| THE PORTABLE DEPOT... | 
SPECIALIZING IM GEMERAL ELECTRIC PORTABLE SERVICE 
* FACTORY TRAINED TECHNICIANS « 
*SURFACE MOUNT TECHNOLOGY « 
* FACTORY APPROVED NATIONWIDE « 
* PUBLIC SERVICE TRUNKING « 


* VOICE GUARD CERTIFIED © 
+ MPD, MPA.TPX, PCS AND ALL CURRENT PRODUCTS + 


(FR Route 2, Box 338C » Lynchburg VA 24501 
h4 804-237-3427 


FREDERICK G. GRIFFIN, P.C. 


3229 Waterlick Road 
Lynchburg, VA 24502 
(804) 237-2044 


NATIONWIDE COMMUNICATIONS CONSULTING 
Mobile Radio, Microwave, E9-1-1, 
CAD, Paging, LAN, 
Dispatch Communications Centers 
Multi Site Propagation Analysis 


GE PORTABLE SERVICE 


¢ FAST TURN 

¢ WARRANTY 

* $37.00 hr./2 hr. MAX 
* PARTS GE LIST 

« RETURN UPS PAID 


Smith Communications Service 
2121 W. Parrish Ave., Owensboro, KY 42301 


502-683-0936 =(c3) 


HERB SACHS, CONSULTING 
Specialist in Public Safety Communications 


P.O. Box 729 
Bowie, MD 20715 
301-464-4268 


Communications Technology Associates 
A division of Hayes, Seay. Mattern & Mattern, Inc. 


PLUS: 

« Complete A&E Services 
» Bldgs, Towers, Pur Sys 
* Structural Engineering 


PLANNING AWD DESIGN: 
* 2-Way Radio 

« WWE F/O 

*® CAD/MDT/AVL/Paging 


Cia 


Rus. 1504) 239-9200 
FAX (80412399271 


PO Bon 4379 
Lynchburg. Virgmia 24502 


MCCON 


Mobile Communications Consulting 


S.R. McConoughey, PE 
Principal 


13017 Chestnut Oak Onve 


Caithersburg, MD 20878 301) 926-2837 


r 
\ 


Telecomm Engineering Inc. 


maxon*® Portable Service 
CP0500, CP1000, SP2000 Series 

* Factory trained technicians 

* $50.00 flat rate plus parts 

* Battery conditioning included 

* Warranty ¢ Return UPS paid 
3435 Mission Ave., Carmichael, CA 95608 
ES) (800) 420-5166 mm 


OMNICOM., Inc. 


COMMUNICATIONS ENGINEERING 


GENE A Buzz! 


PAESIDENT 


990 THOMASVILLE IDAO. SUITE 20D 
TOLLonassee FLORIDA 32303 
PMONE 1904) 24.441 


PLANNING, DESIGN, DEVELOPMENT and REPAIR 


ANTENNA SYSTEMS, VEHICLE LOCATION SYSTEMS, 
DATA, VOICE and VIDEO COMMUNICATIONS SYSTEMS 


Steven L. Myers, Ph.b., P.e. 
President 


MYERS ENGINEERING INTERNATIONAL, INC. 


z 


Tel 305-345-5000 


0. Box 1 5908, Fort Lauderdale, FL 39318-5908 USA 
Fax 305-345-5005 


PORTABLE 
TECHNICAL 
SERVICE, INC. 


121 Crowell Lane + Lynchbura. VA 24502 


FOR QUALITY SERVICE 


P.O. Box 884 
Montgomery, TX 77356 


GE Portable Radio Service Depot 
@ Factory Approved Nationwide 
« Current Product Lines 
FACTORY TRAINED + Voice Guard Certitied 
TECHNICIANS + Public Service Trunking 
+ Surface Mount Technology 


(804) 239-3049 


LES eee — 


Jerry L. Simmons 


Communications Systems Consulting 
Land Mobile, SCADA, & Microwave Systems 
Tower & Path On-Site Surveys 
PH: (409) $88-3200 
Fax: (409) 588-4434 


MVIROTT 


COMMUNICATIONS GROUP 


RAYMOND C. TROTI, P.E. 
President 


1425 Greenway Drive. Suite 350. Irving, Texas 75038 


214/580-1911, Fax: 214/580-0641 


Ute Wamer Group 
MANAGEMENT CONSULTANTS 

* Radio/Microwave/E9-1-1 

* CAD/Mobile Data Design & Selection 


© Police/Flre/EMS 
* Consolidation Studles 


5950 CANOGA AVENUE, SUITE GOO 
WOODLAND HILLS, CALIF. 81367 
(818) 710-68SS 
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Professional Consulting Services 


10 Center Drive. COMMUNICATIONS 
"Woodie NU 07098 CONSULTANTS, INC. 


Toll-Free: (600 247-4796 + FAX: (908) 636-7260 


Offices throughout the United States and London, England; 
Melbourne, Australia; Richmond, B.C. Canada. 


COMMUNICATIONS 
CONSULTING SERVICES 


Are you TIRED of the hassle of “Red Tape” and FCC Jargon! 
STOP WORRYING ABOUT IT! CONSIDER IT DONE! 


RADIO DEALERS, Why Not give yourselves 
MORE TIME to SERVICE and SELL! 


a 


Call Me with All your FCC Licensing Needs and Let Me Put My 
Years of Experience to Work for YOU NOW! 
Lots of Delighted Customers, References Available, Complete 
Confidentiality, Reasonable Fees & Proven Level of Service! 


Linda Simons 
7828 West 300 North 
Greenfield, Indiana 46140 
317-894-8156 317-891-8764 Fax 


800-252-0529 Toll Free NG A 
SSS 
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Employment 


TWO-WAY RADIO TECHNICIANS 
WANTED 
With extensive background in Motorola 
Equipment including Portables, and Fixed 
both Conventional and Trunked System. 
Must have a minimum of 4 years 
experiences with a FCC/Naber certification 
required. ENC is a service contractor for 
US Gov't and the positions are opened in 
Huntsville, AL and overseas. Please send your 


resumeto: ENC Federal Inc. 
13620 CimarronAve. 
Gardena, CA 90249 
Tel: 310-366-7118, FAX: 310-366-1319 


Services 


Tower Space 


Publications ....... 


Repair Services... 


Tower Services .. 


* Technicians * Engineers » Managers + Sales 
+ Extensive national resource of personnel 


Employers: Call 606-491-5410 10 AM to 8 PM 


Communication Resources 
P.O. Box 141397 » Cincinnati, OH 45250 


606-491 -5410/FAX 606-491-4340 


Manufacturer's Representative 
Wireless Communications Industry 
Sales Associate for Delaware & Eastern PA 
Major Lines 
Contact: John Gfeller 
SIGMA MARKETING COMPANY 
203-637-4246 
FAX: 203-698-9009 


Wanted: A Very Special Person 


ABOUT US ABOUT YOU 


Major SMR operator affiliated with Ericsson-GE, with oper- 
ations in five midwestern states, expanding to 200+ EDACS 
sites. A leading supplier of radio communications equip- 
ment and services. 


We are an organization of sensitive and hard-working men 
and women who are determined to be the best at what we 
do. We are seeking like-minded individuals who want to 
share a rewarding future. 


We have several sales and service 
positions available as a result of our 
expansion into multi-state 800 MHz 
digital trunking. 
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RaAcc 11) 
201 West State Street 
Marshalltown, lowa 50158-0574 


You are intelligent and successful with good communica- 
tion skills. You are technically inquisitive. 


You would like to be affiliated with a company which was 
built on an unwavering foundation of integrity and fairness 
to the customers it serves. 


And you recognize that this opportunity is more than a 
job...its a way of life. 


If this opportunity seems promising, 
and if you feel this narrative describes 
you, please send a letter telling us 
about yourself, 


FOR THE BIGGEST STRIDES 
IN CELLULAR TECHNOLOGY, 
LOOK TO AN INDUSTRY GIANT 


The future of cellular technology will be 
dominated by a player already recognized 
throughout the industry for its innovation 
and leadership: Hughes Network Systems 
(HNS). A powerhouse in the design and 
production of digital cellular, satellite 

and enterprise networking technologies, 
we stand head and shoulders above the 
competition. 


And the demand for our technology has 
never been greater. With one of the largest 
cellular contract wins in-house, we have 
immediate openings at our headquarters 
in Germantown, Maryland where you can 
immediately contribute to the development 
and production of leading-edge cellular 
systems. 


WIRELESS/RF SYSTEMS ENGINEERS 
Perform overall systems engineering and 
design for cellular systems, including RF 
propagation, site selection analysis and 
configuration of cellular equipment. 30% 
potential travel. Requires: 


« RF engineering design experience 

* Microwave interconnections 

* Antenna selection, T1 links 

* Switch capacity requirements 

* Vendor equipment analysis 

PRODUCT QUALIFICATION 

Lead technical staff for qualifying products, 
starting in the review of requirements. Will 
attend design reviews, participate in inte- 
gration testing, and clear emergency field 
problems. Responsible for Acceptance Tests 
and Product Regression Tests. Requires: 


¢ Knowledge of one of more of the follow- 
ing: RF data, switching, LAN, routers 

* Familiarity with AMPS, TDMA, CDPD 

* Heavy emphasis on testing, debugging 

* Data process methodologies a must 

* Hardware design and software real-time 
design 

DIRECTOR OF PRODUCT 

MANAGEMENT 

Will identify and specify hardware and soft- 

ware features for the GMH 2000 digital 

cellular/wireless telephony systems. 

Requires: 


¢ Broad knowledge of cellular/telephony/ 
LAN/router systems 

* Previous product line management or 
product planning experience 

¢ Feature planning, software and hardware 
development 

¢ Excellent written and oral presentation 
skills 

HARDWARE/FIELD ENGINEERS 

Will commission cell sites for voice and 

data, and debug installed equipment to 

make sites operational with proper fre- 

quency and power levels. Extensive travel 

required, Requires: 

* Troubleshoot RF and cellular equipment 


* T1 line checkout 
* Drive testing 


INTERNATIONAL APPLICATION 
ENGINEERS 

Will be member of a team involved in 
international deployment, system start-up 
and on-site support of the Digital Cellular 
product line and be involved in the hard- 
ware and systems aspects of customer sys- 
tems. Extensive travel required. Requires: 


* Experience in cellular and/or microwave 
communications 

* Understanding of the theory of cellular 
and other communication systems 

* Commissioning cell sites, debugging 
systems 

« Experience with acceptance tests 
and testing of software communication 
systems 


APPLICATIONS/FIELD ENGINEERS 
Will provide field support for cellular 
systems; debug of software parameters 
associated with making cellular systems 
operational; and perform system integra- 
tion of multiple cell sites, switch, LANs, 
hardware and database. Extensive travel 
required. Requires: 


* Acceptance test experience 
* Installation and testing of software 
* Debugging experience 


NETWORK PLANNER 

Will establish configurations for cell sites 

and MTSOs based on traffic and site con- 

ditions and develop site configurations, 

wiring diagrams and bill of materials. 

Requires: 

* 1-3 years’ in network planning 

* DC power systems, antennas, patch 
bays, transmission equipment 

* Experience with T1] lines, DACS 

* Experience with troubleshooting cellular/ 
telephony systems 


WIRELESS SYSTEMS ENGINEERS 
Provide overall systems engineering and 
performance analysis for PCS and Cellular 
systems with an emphasis on performance 
prediction and system design. Requires: 


* RF Engineering 

¢ Digital Communication Theory 

* Modeling 

¢ Experience with one or more of the fol- 
lowing: DCS 1900, AMPS, IS-54, GSM, 
CDMA 

SOFTWARE TECHNICAL DIRECTORS 

Will perform systems design, development 

and testing for a Wireless software 

product and serve as a project/team 

leader giving technical direction to meet 

milestones. Requires: 


* 10-12 years’ experience with C/Unix 
and embedded development 

* Experience in the communications 
industry, preferably cellular/wireless 

* Proven success as a project/team leader 
or as a director 

¢ Ability to manage several projects simul- 
taneously under deadline pressures 


HARDWARE ENGINEERS, 

MANAGERS, PROGRAM LEADERS 

Multiple positions are available for candi- 

dates with skills in one or more of the fol- 

lowing: 

« DSP/Image Processing, Algorithm 
Implementation 

* ASIC/VLSI, Gate Arrays using Verilog 

* Complex board-level design using FPGA, 
PLD, TTL 

* RF Modems, Voice, Synthesizers, 
Amplifiers 

* Agency certification, UL, CSA, FCC 

SOFTWARE DEVELOPERS 

A variety of positions are available with 

our Digital Cellular development group 

for individuals to work on such projects 

as real-time applications and network 

management development. All positions 

require experience in one or more of the 

following: C, C++, Assembly, Pascal, 

Fortran. Positions include: 

* Network Management: VAX/VMS, GUI, 
OOD, X-Windows/Motif, SNMP 

¢ Real-time Embedded: [860, 68xxx, 
80xxx, VRTX, VxWorks, Device Drivers, 
UNIX/UX platforms 

* Protocols: TCPAR IS-54, GSM, SS7, 
X.25, SNA 

¢ Testing: system verification and feature 
integration 

¢ Line Management: High-level technical 
direction and feature development 


SENIOR TECHNICAL TRAINER 

Will teach Digital Cellular courses at cus- 

tomer sites, covering CDPD architecture, 

operations and maintenance; fixed and 
mobile cellular systems; and special pur- 
pose supporting equipment. Requires: 

* BSEE/CS and 2+ years’ telecom indus- 
try experience in technical 
instruction/course development 

* Strong technical background in cellular 
systems 

* Wireless data and voice communication 
experience preferred 

* 25-30% travel 

HNS offers an excellent compensation 

package, including a 401(k) plan and 

more. For consideration, fax your resume 
to: (301) 428-2833. Or mail to: Hughes 

Network Systems, Dept. ATRADE, 11717 

Exploration Lane, Germantown, MD 

20876. An equal opportunity employer. 


HUGHES 


NETWORK SYSTEMS 
ees 


A unit of 
GM Hughes Electronics 


THE Brest CAREERS IN NETWORKING 


March 1995 Mobile Radio Technology 79 


Classified aE 
CRYSTALS 
VILIANAZIZAL LCD's. Eseee 


MOTOROLA 
1400+ FREQS OF TOP QUALITY CRYSTALS AVAILABLE FOR IMMEDIATE DELIVERY BRAVO SERIES 
COMPETITIVE PRICES @ LIFETIME WARRANTY @ HASSLE FREE REPLACEMENT 


ORIGINAL PRODUCT QUALITY 
Pacific Standard 1-800-957-8700 


Mon-Fri. 8-4 p.m. 


PCI Pagecorp Industries 


CR YSTRONICS 


FOR YOUR PARTS AND ACCESSORY NEEDS WE PRESENT OUR NEW DIVISION... 
Oe ee 


RICTRONIC 9300A PAGER 
MULTEFORMAT ENCODER 
* Standard POSAGE encoding format 512 & 1200bps 


PAGER PARTS UNLIMITED 


VIB MOTORS FOR ALL PAGERS. LCD'S FOR BRAVO, PLUS & 
EXPRESS PAGERS. 28 ATTRACTIVE COLORS IN HIGH 
QUALITY POLYCARBONATE HOUSINGS, HOLSTERS, CLIPS, 
SWITCHES AND BATTERY COVERS. 7 ATTRACTIVE COLORS 
IN VINYL CASES. NEW ITEM: MEMO EXPRESS HOLSTERS 


alphanumerc or Chinese 
"Easyopercte “Portable * Lowest price 
Tel: (852) 359-3139 Fax: (852) 384-4366 
HUNG TO DEVELOPMENT 
COMPANY 


USED PAGERS 


Motorola and NEC. Reconditioned on 
your channel w/warranty, or "as is” 


2CS (303) 337-4811 
= FAX (303) 337-3084 


PH: (305) 770-0031 ¢ — FAX:(305) 776-0109 


LIDAT LLLST/T 
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PAGERS + PAGERS « PAGERS « PAGERS: PAGERS + PAGERS: | _AL>._ l| | 
PAGER REPAIR LABELS 


NEW & RECONDITIONED 
CS TELIET Gok MESSER IN 2 SE D 
MOTOROLA & NEC PAGERS (CAP Portes SECONDS & reward) 
USED Software, printers, scanners, labels, 
and SYSTEMS 
* Motorola & NEC Factory Replacement Series ADVANCE LABEL & TAG 


Housings & Parts 


1725 N. McDonald > 1-800-466-5345 


¢ Vib Motors PAGER REPAIRS McKinney TX 75069 FAX 214-548-2518 
NEC , 
Motorola = Recrystalling PLAcinG Your 


¢ LCD replacement 
¢ Fast 
turnaround 


— 


CLASSIFIED AD 
Is As Easy As... 


1. Fax 
Scott Thompson 
Classified Ad Manager 
(913) 967-1735 


2. Phone 


Scott Thampson 
Classified Ad Manager 
(913) 967-1923 
1-800-771-3351 


3. Mail 


6, 7, & 10mm Sizes 


McManus Communications 
400 N. 5th St., Blytheville, AR 72315 
yt Tel: 501/763-6250 Fax: 501/763-6533 


* PAGERS * PAGERS « PAGERS * PAGERS» PAGERS * PAGERS 


panes, 
wer” 


oom: 
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Mail your ad materials to: 
Tamera Kalebaugh 
Advertising Coordinater 
9800 Metcalf 
Overland Park, Ks. 
66212-2215 


SENTRY MANUFACTURING COMPANY 
PAGER & RADIO CRYSTALS 


ve 800-252-6780 


28 Years in the Crystal Business » Customer Service Second to None 


=—_ ~jJ =] 1 


100% Quality Control Tested » No-Hassle Lifetime Warranty 
Very Large Stock of Pager Crystals * Overnight Shipping Available 
Scheduled Shipments & Purchase Agreements Arranged 

Channel Elements & Tone Reeds Also Available _ +7 


Sentry Crystals Are "Rock" Solid ‘ TVB 


QUmM=-71=-"8V9OPrFO 


— O10) GO 


Circle (87) on Fast Fact Card 
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Z QUALITY USED PAGERS 
_— LOW BAND VHF/UHF & 900Mhz 


ETACS, GSM!!! 
f 


o> P7000 
ENVOY 


BRAVO TONE 


FOURTH DIMENSION INDUSTRY, INC. 


Wireless Communications Equipment Broker 
331G Dante Court * Holbrook, NY 11741 
516/467-1220 Fax: 516/467-1645 * Toll Free: 800/378-0348 


Circle (88) on Fast Fact Card 
Services 


| - ) REPAIR & RETUNING 


' 


DuraComn’Y 


OF 9 Channel Tone & Voice Monitor Pager 
Bee ee ied [ VHF/UHF/Low Band 


[4 PC Programmable Tones 
(4 Multi-Addressable 
(4% Scan Feature with Priority 


716-834-2787 Rx Multicoupliers 


STUDY LAND MOBILE COMMUNICATIONS 
AT HOME! 


* aa paket Gena (4% DurAlert, Full Accessories 
Call or rite, Metis ar Blt ing institule [My High Dealer Margin 


P.Q. Box B27 
Comberton, TX. 77711-0278 bee 
(409) 755-7838 i Duracomm DuraComm Corp. 


Kansas City, MO 

FLAT FEE 1-800-467-6741 - FAX 816-741-7499 

ENGINEERING SERVICES 
HAAT's, Profiling, Coverage Circle (89) on Fast Fact Card 

Carey, Bullington, Longley-Rice 
Contact: Jim Hart, P.E. 

(303) 795-2813 FAX (303) 347-2652 

Harlechinc. 

PO Box 88 

Littleton, Colorado 80180 


CALL: SCOTT THOMPSON 
FOR ASSISTANCE 


1-800-771-3351 
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Classified 


Equipment for sale 


2-WAY RADIOS 


BEST PRICES IN THE U.S.A.! 


‘ ——, 
Pinna Motorola 
CA 


4 


and More! 


Same Day Shipment 
Complete Support Program 
Nationwide Distribution 


We will BEAT all other verified prices - 
GUARANTEED! | ..»0/wj 


% & * over cae % 
fice 
Hones 


* RADIO 
1-800-521-2468 
MP, 


———— INC. 


Quickly and Easily Tests 


All Popular Pagers 
Pocsag, Golay, & NEC 
512 to 2400 Baud Rates 

(upgradable to Flex) 
Alignment & Sensitivity 
Fast Verification of 
Re-Crystalling Jobs 


vv vvyv 


Includes...COM-3 Communications Service Monitor ($2995.00), COM-6 Universal 
Encoder ($995), RTF-1 Radiation Test Fixture ($465), CT-125 Frequency Counter ($190), 
SM-1 Automatic SINAD Meter ($250), all interconnect cables, shipment to your door, anda 
quick hook-up guide for fast set-up and immediate profitability! Shipments going daily! 
Complete package only $4995. Leasing available. Call now to get yours en-route, 


RAMSEY ELECTRONICS, INC. ‘mam Gite [-0-] CALL 1-800-446-2295 
793 Canning Parkway, Victor, NY 14564 fouceves FAX 1-716-924-4555 


Circle (91) on Fast Fact Card 
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Remote Controls. 


Pure and Simple. 


Automation & 
Electronics 
Engineering, Inc. 


13667 Floyd Circle * Dallas, Texas 75243 


1-800-527-4596 


Circle (92) on Fast Fact Card 


BUY NEW 
AT USED 
PRICES 


(MA) MOTOROLA 
$779.00 


TRUNKING 


VISAR HOSUCD6CB1-AN 
WITH ULTRA HIGH CAPACITY BATTERY 


& RAPIO CHARGER * 
uniden 


PORTABLE SPS310, 1.5 WATTS 


MOBILE SMS825TS, 15 WATTS 
MOBILE SVS8035TS, 35 WATTS 


BUY MORE THAN FIVE UNITS AND GET AN EXTRA DISCOUNT 
§960 CAMINO MAQUILACORA, SUITE "LU 
SAN DIEGO, CA. 92173 


IMMEDIATE DELIVERY 
LATCOM, INC, eRICE 

q 5 
PH: (619) 661 gre REAKEE 
FAX: (619) 661 25 05 
TOLL FREE FAX WCU Ee De 


ELECTRONICS CENTER 


3913 BROADDUS AVE. * EL PASO, TX 79904 


BUYING LATE MODEL TWO WAY EQUIPMENT, 
PREFERABLY PROGRAMMABLE. 
Send or Fax Your List. 
We also sell used two way equipment and 
computers — some listed below. 
55 ea -A0SJVC2468 Spirits NEW 152.240 $20 
11- MC65KAS88 Mastr || 75w w/acc $292 
44 T71RTN1400 Micor 100w 42-50 w/acc $172 
25 T73RTN1490 Micor 100w 150-162 w/ace $192 
2 TEKS130N Scope 011 SB storage 5A20N 
DA5810 TBA $192 
1 TEK454 Scope 150 Mhz Dual Trace $492 
3 Cushman 302 FM deviation meters $142 
2 Cushman 303 broad band mixer $142 
3 TEK2246 100 Mhz Osciliscope w/probe - 
& manual $1492 
1 RM561A TEK Scope 10Mhz w/TB67 & 
3A75 plugs $329 
1 1935 Tektronix Scope 35 Mhz $292 
17 T81JJA4000 100 w Mitrek 42-50 w/acc $329 
5 STX convertacoms w/ PA, MIC, cables like new $292 
1 TRW & 2 optimat fiber optics splice kit $92 
10 GE recording voltmeters $29 
1 HP180 & 1 HP181 scope 50 Mhz w/ plug ins $392 
WE ACCEPT MC, VISA, DISCOVER & AMEXP 
Voice: 915-562-1000 » Fax: 915-562-3827 


CENTRACOM II 


-Buttons and Labels- 


Engraved 
Buttons 


All orders shipped within 48 hours. 
CENTRACOM II 
Reprogramming and 
Custom Changes 
NORTHEASTERN 
COMMUNICATIONS INC. 
Waterbury, CT 06708 
(203) 575-9008 


CAML Ciiobasl L Ale INC. 
CRYSTALS FORALL RADIOS 


+ Communication Crystals 
All makes and 
+ Channel Elements 
Recrystalized and compensated 


Competitive pricing! 


Emergency Service 
| For Crystals 24 Hours * 72 Hours = 1 Week | 
Norma! Delivery 3 Weeks 
800-333-9825 


FAX 714-491-9825 
1132 N. Gilbert Anahcim, CA 92801 


a 


‘MOTOROLA — 


ALL Reeds, Channel Elements, Filters, 
DPL Chips, Pl Chips for most Motorola 
radios & pagers $9. each or lower! 
CALIFORNIA RADIO 303-249-1414 


Formerly Antenna Farm 
C f= l WAV I Communications Supply 
=— 


DIVISION OF RADIO FREQUENCY SYSTEMS 


The Celwave PD10183. 
it's the top performing, pattern constant + In Stock 


throughout the band, 187 mph wind aoe _ 
rating, transposed dipole array, copper bs Competitive Prices 
radiating elements enclosed in a rigid + Best Service 


fiberglass radome. 


AFAR AB AB AF AE AF 1-800-255-6222, 4RAP AP AE AP AB AP 


Circle (93) on Fast Fact Card 


MOTOROLA Radius 
DELIVERY NOW! 
One of the largest stocks of Motorola Radius in the world. 


Every Model in Stock! Free Programming of all new units on Delivery! 
Will Positively Be Shipped Tonight! 


On your jobsite tomorrow. We can handle any size order and have 
done so for 21 years. 


CALL 1-800-53-RADIO (72346) 
(706) 561-7000 FAX (706) 568-4506 
To place your order, even if you live in Hawaii, Virgin Islands, Alaska or 
Puerto Rico. RADIO WHOLESALE - John Cunningham WB4-JUN. 


Circle (94) on Fast Fact Card 


MARTRONICS 
WE MAKE THE BEST 


For Cellular phone fringe areas long 
range radio shots, and frequencies 
from 800-1000 MHZ, try our yagi's 
and corner reflectors. 

VHF LO, and HI, UHF stack up our 
yagi's with the best. Custom orders, 
and Dealers welcome. 


CALL NOW 1-805-239-1932 Fy 
4820 DEER CREEK WAY = @m 
PASO ROBLES, CA. 93446 


Circle (95) on Fast Fact Card 


WEST COAST RADIO 


Join Our 
“NATIONAL RADIO BUYERS 
ASSOCIATION” 


ABSOLUTE LOWE$T 
RADIUS PRICES! 


Orders 
800-881-6722 A acliu 
Info 310-268-2464 


Fax 310-268-2474 eee iS 


Circle (96) on Fast Fact Card 
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MULTIPLEX —- TWO-WAY 
RADIO —- MISC. 


Classified Equipment for sale 


Iv Stock, Best Prices, Quicn Service 


20 Lenkurt 46A MODEM ....-.....0..ccesesessneesnnee 
60 GTE hamment 3612 Channel 


WA LRTI ass ccissssoscisoaseicoioececeauesvenrcncceaaies 
50 Motorola MC 400 MLN 6153 
Channel Modems 
50 MC 400 Term Cards .....:ssssecsereisisseien $50 ea. 
3 Micor Base Stations, 100W 42-50................. $950 ea. 
2 GE Mastr Il Base Stations, 100W 

42- ... $950 ea 


50, er 
6 Motorola Syntor X Trunked, 
Smart-Net, Dual 0) besten 


Control Station, N ... $400 ea 
1 Modax 500..... $400 ea 
20 Micors 45W 

Multi-PL ........ -... $100 e, 
20 MO 70s, 42-50 PL 100W w/Ace. ......... $100 ea 

a 20 MT 500 UHF PL SW 8 Ch. 
WRURCEE: siaissjecicsirmcrceniencanis $100 ea 

JZ ASTRON fa\) ¢ RAD 20 MX 300 S 8 Ch. Multi PL 
CORPORATION w/Charger .......... $125 ea 


3 Syntor XX 100W UHF 
1 Syntor XX 100W 30-50 MHz... 
10 T1605 W/MIC'S .ocoecece ences 


State of the Art Antennas 


BND gw Radius 


EMPL IFIERS YAERESU 


We also stock: 


AEA 


Call Charles at CMC Enterprises, 910/769-2885 


USED EQUIPMENT 


3 Motorola HT-600 2F UHF w/chrgr . 

2 Motorola Radius GP-300 8F VHF w/chrgr $375.00 
2 Motorola MTX-810 2 System w/chrgr 

1 Motorola MTX-800 1 System w/chrgr 

1 Motorola MTX-800 2 System w/keypad ... $545.00 
1 Motorola MTX-810 6 System w/chrgr ...... $545.00 


Larsen 


Centurion Maxon : 
Comm. Spec. Maxrad TOLL-FREE (800) 877-7979 2 Motorola Syntor X 800T radio only 
Connect Systems Opto 1 Motorola NLN-7177A Expo multi chrgr ... 
Create Solar Panels _ D i 0 1 Motorola HT-90 UHF PL w/chror 
Cusheraft/Signals Telex | 3 Motorola Series 90 local remote 
Henry Cables Tempo 2 Motorola Maxar 50 2F UHF 
Hustler TohTsu 2050 South Bundy Drive 1 Motorola PP1000 800 trunked phone 
Icom TPS Los Angeles, CA 90025 2 Motorola Maxtrac 800 conv 2F 15w 

| JBRO Uniden 3 Motorola Maxtrac 2F UHF 25w 

Phone (310) 820-1234 1 Motorola MDC-600 enc/dec H1011A ....... 


Kenwood ; Wavetek FAX 310-826-7790 


1 TPL VHF Amp 10w in 70w out .... 
1 GE Exec Il UHF 100w w/ace 
2 CES Personal Patch interconnect ............ 
1 Kenwood TK-330 UHF 100ch wikeypad ... $425. 00 
Misc Micor & MSY station cards available 
WANTED: late model Kenwood or Uniden LTR 
mobiles and portables. 

Will trade for above equipment. 


CALL STEVE AT (916) 674-7532 


Circle (97) on Fast Fact Card 


Mailing Address: 


P.O, Box 7846 
mer SOLE CPA LEP Fredericksburg, VA 22404 
ll ELEC TROM/CS 30s ion nines dive 
Massaponax Business Park 
Fredericksburg, VA 22408 


Spectratac RX, LB, HB, UHF 64RCB3106, 75W, CD, 450-470 Repeater 
Spectratrac Comparators Clear and Secure Bases Miscellaneous Remote Controls 
C71RCB3106, 30-36, 100W, PL, Tone T1600, T1900, T1380's Series Remote Contro! 
C71 RTB3106, 42-50, 110W, PL, Tone EMS Base Controls 


891RCB3106, 42-50, 330W, PL, Tone j 
VC94TAUS3, 42.50, 330W, Mastr i DB Products Cube Filter Combiner, 800 Mhz 


, TXRX Combiner VHF 
C73RXB3106, 110W, CD, . Highband : ; ; 
Centracom | & II's aceite Sinclair VHF Combiners 


B&3RCB3106, 250W, CD, PL Vertex Products Available 


Many items in stock, call with your requirements. 
We have the R1801 DAC for your programming needs. Call us with your requests. 


Phone: (703) 891-0569 Fax: (703) 891-0538 


RADIO AMERICA 
Bulletin Board Service 
Buy & Sell Radios 
All brands- New & Used 


Hundreds of listings for Ham, 
Two-way and Broadcast users. 


We accept VISA and Mastercard 
Circle (98) on Fast Fact Card 


Repeaters and Stations; 
3 NEW Motorola Micor 450-470 repeaters 
3 GE Mastr II stations Hi Lo and UHF 
one community 
*® Communications Any super consolette Mitrek Station 


* UHF Mobiles: ; 

» VHE 110 watt UHF and VHF Syntors all with 
Preamps- We gh, gee Any Mitrek!!! 

* 800 MHz T1600 Telesis D & tone reconditioned 


Sign on now with your modem 


1-602-526-4000 
No service fee to callers 
P.O, Box 30007, Flagstaff, AZ 86003-0007 
Main Offices: (602) 526-6000 


REPEATERS-STATIONS 


GE Mastrll Rptr, 110w, VHF ....... , 
MSR2000 Fptr, 100w, VHF ........ $1,995 
Micor B93RCB, 375w, VHF ........ $1,995 
Micor C73RCB, 100w, VHF........ $750 
Micor C73RTB, 100w, VHF ........ $395 
Cushman CE-15 Spec.Ana.-Remotes 


601-264-9760 


* 3 year warranty Motorola 150 watt solid state repeaters 


eo : We buy, sell and repair Service Monitors. We provide 
* Low Prices code plugs and program. We have ail proms in stock. 
+ Fast delivery FCC 

CSS RADIO (210)761-7454 


Colorado Springs, CO Se Nagi tlod eoeee Beek 
‘i rs s 10 . Marisol P.O, Box 342 
1-800-305-6471 South Padre Island, Texas 78597 


84 Mobile Radio Technology March 1995 


Classified 
fi Equipment for sale 
COMPLETE CHANNEL 
TELEPOWER CONDITIONER/ANALYZER ARC 


ELEMENTS ON YOUR 
FREQUENCY FOR 
& TELEPOWER CHARGER PLUS 
Reliable, Affordable Battery Maintenance 


$25 - $35!!! 
Ideal for those applications requiring absolute & uncompro- 


ORDERS ONLY: 
mising performance of rechargeable batteries every lime. 


BATTERIES INC. 
1-800-237-6519 
INQUIRIES AND IN LA: 

504-361-5525 
Motrac; Micor, Mocom; Mitrek; Etc. 
MT’s, and GE Elements. Call for 
prices 
Any desired Frequency available 
for fast delivery. 

Lifetime Warranty on Crystals 

Trade-in credit on your Old 
Channel Elements 

We Buy Used Elements Circle (99) on Fast Fact Card 

Try us first. We always have your 

frequency available. 


NKX 


1814 Hancock St. 
Gretna, LA 70053 


_ Geinbuted by 


A Pomumunications 
© A tssaciaes Ine. 


| (800) 435-9313 Order Fax (800) 284-4934 


“MOBILES +BASES -PORTABLES _-PAGERS _-REMOTES- 
PCI— PEKAAR COMMUNICATION INC. 


Steve’s back, formerly of Gregory Electronics Corp. 


$ Speciats of the month. $ 
GE Phoenix SX Model N5HH1W40P8 highband w/dual prlorily Bean 
GE Dalta S Modal N3CC3N 11076 110 walt 36 to 42 range wiaccs. 
GES550 16 Plus trunking contral Neads .... ee nscs ese ccpmcsetenneesenens 
Motarola Mitrek Model T51JJA 2900 60 watt 42-50 tange 4 freq. with accessories, clean, no PL . 
Motorola MOCOM 70 U41BBA 1900 60 watt 42-50 range 4 freq, wiaccess., clean, no PL . . $65 
Motorola Micor US1ATN1100 42-50 60 watt wacc., no PL ae $125 
GE MPE Portable Model PE6SRBWBMX 450 to 470 range. 2 treq. ‘wiCG . eveeert 
GE PE Portables Model PE6SRBW 450 to 470 range, 2 freq. wCG ....... 
Motorola Handicom chrgrs for MH10 Mode! NLNBOOSN 
Midtand Mobiles Mode! 70-050C 40-50 tange w/mic 
Cetec Vega Mobila Decoders #324 . 
Motorola Mode! N1244A CanvertaCom chrars ‘for MX Portables 
Federal Sirens Model PA 300 .. 
GE Exec || Control Heads . 
Motorola Micor Mobiles T4S5RTAS! 


Catalog Available {f you can't find it, try us! Call (201) 7 772-0704 
* BOARDS * STRIPS + ACCESSORIES «+ ELEMENTS » REEDS - 
Circle (100) on Fast Fact Card 


CLEAN USED GEAR 


Cushman CE-4 & CE-6 Service Monitors NEW STANDARD RADIOS AT DISCOUNT! CALL NOW 


And: 


“RCA. 


1714S ° 


* MOTOROLA 


1 MHz rango loss acc. & cases 


me 
*dqvul: 


QO ona 
Add a recorded natural voice to your system. Voice 
| libraries of up to 255 words or phrases (2 min total 
maxecord your own using our optional SDS-1000 | 
development system and your IBM compatible, or we'll 


GE Phoenix SX VHF, 2/16 CH & Scan Harris Alpha 2000E VHF IMTS 
prerecord your messages for you. Eprom voice storage GE MLS LB, VHF, UHF 2/8/16 CH & Scan petite reat VHF IMTS & Others 
means your library is unaffected by power loss. GE MASTR II & Exec Il LB, VHF, UHF Motorola MT500 LB, VHF, UHF HT 
GE MVP, VHF Motorola MT/HT! Gang Chargers 
Used In: GE MASTR II Base/Rptr_ LB, VHF, UHF Standard HX300, 320, 734, 834 VHF, UHF HT 
* Repeater identifiers + ATM's prepa Mocom, Micor, Mitrek LB, VHF, UHF Standard HX400_ VHF, UHF 25 CH Synth SW HT 
; 5 lotcrola Moxy, Maxar,-50, -80 LB, VHF, UHF Uniden SPH & SPU 8 CH Synth HT 
* Site alarms * Multiple languages Motorola Mostar 800T pari Sebastes 44 
* ANI encoding « Emergency announce- Motorola Base/Rptr/Consolettes LB, VHF, UHF ~ rd GX-1500U f 
* Remote tel ment Standard GX3000 VHF, UHF 64 CH Synth/Scan GE Deskon Il DC Remotes, M la Local Ri 
emote telemetry nts Standard 966L LB, 75 Watt, Synth kon Il DC Remotes, Motorola Local Remotes 


Mostar VHF, Maxtrac 900 MHz MORE - MORE - MORE - MORE - MORE - MORE 


We Buy Used Equipment-CALL! 
Ph: 1-800-456-5548 
Fax: 1-307-266-3010 


Several different models available Circle (101) on Fast Fact Card 
Palomar Telecom, inc. 


120 Simpson Way * Escondido, C4 « 92029 
619-746-7998 « FAX: 619-746-1610 


Pa Tf role sch ward select 8 ar 600 chm audio o 


(800)726-9015 (612)884-8352 


«We Have Fast Service. 

“We Have a Flat Rate Repair Service. 

«We Have a Complete Dealer Support Program. 

*We Have a Large Variety of Accessory 
Items Available 


st SNOW Featuring TERR 


Portables! 
Our Prices will Surprise 
You Even if You Buy Direct 
Wholesale Prices to from the Factory!!! 


DealersOnly. 2 Full Line Distributor of Tekk 
= Boo 


!INOTICE! 


lly 
SS Z CALIFORNIA RADIO 


se Many other brands also available. 
s& Your One Stop Warehouse for All Your 
Commmunications Equipment Needs. 
OMMUNICATIONS 24 Hour a Day FAX 
(612)884-8356 


has LOWERED ALL Motorola 


Radi } 
adiuy Rado Price! _ HOLESALERS 


Your BEST deal = 800-231-0103 


Circle (102) on Fast Fact Card 
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Classified 


Equipment for sale 


WHOLESALE PRICES 
DEPENDABLE SERVICE 


COMMUNICATION 


Distribution Center 
se | f | 
we Zz Com AN 
CONVENTIONAL Sheila Tem im 
& GE-MARC 
* Mobiles RFI Connectors 
Authorized Distributor|  « Portables TELEWAVE Site Management 
Mobile Communications jpg * Accessories SAMLEX Power Supplies 
SU WHELEN Safety Signals 
2-WAY SALES TO RADIO DEALERS ONLY Fe 


Onder Tedoy! 4-800-548-2484 Skip Teday! BV GM eet mack: 


Circle (103) on Fast Fact Card 


Trunk Motorola Radius Radios 


New, low cost trunking logic 

No special site controller required 
All features software controlled 
Dispatch and interconnect capable 


Detailed installation instructions 
Only 0.8"L x 0.68"W x 0.13"H 


Shown Actual Size 


from... 


Circle (104) on Fast Fact Card 


FREQUENCY MANAGEMENT 


Top Quality Pager Crystals In Stock 
NEW! L.C.D.’s for Bravo Pagers 


1803 Commerce Street, Yorktown Heights, NY 10598 USA 
Voice: (800) 438-7865  internanoma! Voice: (914) 245-1128 
Fax: (914) 245-2382 Fax Back System: (800) 292-9723 


Crystals for Two-Way and O.E.M.’s 
Call for Details 


15302 Bolsa Chica St. 
Huntington Beach, CA 92649 


800/800-9825 


Circle (105) on Fast Fact Card 


GE RADIOS 
AT WHOLESALE PRICES. 


We will meet or beat any published price. 

The largest GE dealer in N. America. 

Rush Delivery in the U.S., Canada & Mexico 
® We buy used & take trade-ins 


on GE 2-Ways 
® FREE sales and service support 


Authorized Distributor 
Mobile Communications 


- et 
ae (oe) |W 1-800-336-6825 
iets Fax # 219/471-5294 

3512 Cavalier Dr.* Ft. Wayne, IN 46808 « Hrs.: Mon. thru Fri. 8 AM to 7 PM E.S.T. 


Circle (106) on Fast Fact Card 
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FOR SALE 
NEW PORTABLES awa ea 


(STILL IN THE BOX) 

Large quantities of new LTR format 800 MHz 

ortables with standard telephone keypad. 
ncludes Battery, Charger and Antenna. 

Features: Up to 10 systems selectable, Up 

to 10 groups selectable per system. Scan op- 


eration in both trunked, conventional modes 
and talk around. 


Wil! build systems with large purchases. 
QUANTITY DISCOUNTS AVAILABLE 


CALL 1-800-792-0351 
ASK FOR JERRY 


New / Used Reconditioned 
2-WAY RADIOS 


* Purc's, repeaters, base stations, 
mobiles & portables 
* LB's / VHF / UHF / 800-900 MHz 
* Large inventory of late model 
equipment 
Call for quote 
We pay the highest prices! 
SCOTT COMMUNICATIONS 
Ken Scott 
406-745-3218 


M & M COMMUNICATIONS 
Over 15 Years Experience 
AEROTRON® MAXONe 
YAESUe REPCO 
MOBILE *PORTABLE 
UHFe UHF 2 WAY RADIOS 
PAGERS 


Salese Services Installation 


VISA MASTERCARD AMEX 


Pee 


California Radio 800-231-0103 


USED SERVICE MONITORS 
CUSHMAN - MOTOROLA - WAVETECK - 
Waveteck CT-2500 Monitor with Cellular Test 2... ne 
Motorela R-2008/D/HS with Cellular Test ; 
Molorvla R-2001/B Service Monitor 
Cushman CE-SO/AL/TG Spectrum/Tracking ....- 


JER 1000-4 wath Battery 


Cail Me Last tor Gest Caso Price or We Goth Lose-Money 
BOUGHT - SOLO » CONSIGNMENT 
R.F. IMAGING AND COMMUNICATIONS 
408-925-2244 Payor 540-498-6875 


Classified 


NOBODY BEATS OUR PRICES & DELIVERY! 


WE HAVE SENSATIONALLY LOW [= cli » WE HAVE TONS IN STOCK FOR 
UNBEATABLE RADIO PRICES FOR # "RGD 1S IMMEDIATE SHIPMENT!!! 


PORTABLES FROM $160. MOBILES FROM $275. SPECIAL! GP300 8F UHF $515. 
KEK KKK KEK KKK KKK KKK KK KKEKK KKK KK KK KKK KKK 
MOTOROLA TYPE CLEAN NEW & USED TRUNKED RADIOS 


MOBILES (USED) 

MOSTAR WITH ACCESSORIES ........-------.-000= 
TRAXAR WITH ACCESSORIES 
MAXTRAC 800 W/ACCESSORIES ~.. 
STANDARD GX5810T W/ANT. .....0.0...... 
MAXTRAC 900 W/ACCESSORIES a 
SPECTRA 900 W/ACCESSORIES 
PP1000X 800 W/ACCESSORIES 
SYNTOR X2 W/ACCESSORIE: 
STANDARD GX3030T .. 
MAXTRAC-DUPLEX B6 


PORTABLES 

VISAR W/CHARGER HC BATTERY . 
MTX900 6 SYS CHARGER , 

MTX9000 W/CHARGER 
MTXB000 W/CHARGER 15 SYS. 
MTX800 1 SYS CHARGER 
MTX810 2 SYS CLASSIC CHARGER 
HX581T 7 SYS CHARGER 3 YR WAR 
HXSB0T+10 SYS CHARGER SCAN TEL . 
STX PRIVACY PLUS 3W 

STX SMARTNET 1,11,11)... 


MT2000 160F CHARGER FROM 
HT600/P200 SW 6F £ 
HT1000 16F W/CHARGER FROM 


SYNTOR X 100W VHF & UHF EROM ou... 

MARATRAC TOOW LB, VHF, UHF EROM _.. 

SPECTRA Ad 45W VHF & UHF FROM 

VISAR 16F W/CHARGER FROM... SPECTRA Ad 110W VHF & UHF FROM... 
*“SYNTOR X90 SERRE KKKKHKRKEKKKKHAK KAKA KEK he ae fe hc te fee oe oe ae a 


RX 9000 100W 30- S0Mhz ALPHA-NUMERIC SCAN $1,595 | 


2k CR ACO AC errr srs sree ss eer eet tee rs 


RAD | O EXP RES S, ] N ‘al “AMERICA’S FAVORITE RADIO SUPPLIER” 


ORDERS: 800-545- 7748 INQUIRIES: 703-266-1928 FAX: 703-830-8710 
VISA - MASTERCARD - DISCOVER “WE BUY MOTOROLA LATE MODEL RADIOS” 


WE BUY 


AND SELL 2 5 oa BIN 
USED . oe ty Hy GYSACRBIOSBY 


MOTOROLA ntor X $000, #0 Me e704 


automatic [ON//AETA timor switch 
tor two-way radios. cetlular phones 


EASY TO INSTALL. 


NO IGNITION SWITCH CONNECTION! 


PROGRAMMABLE, 


15 MINUTES TO 15 HOURS!! 


Prevents Dead Batteries. 


MADE IN U.S.A. 
PROTECTS YOUR RADIO. 
SUGGESTED ONLY $74.95 ciety 
12 ANO 24 VOLT MOCELS AVARABLE 
CALL NOW FOR MORE INFORMATION! 


ASK ABOUT 
OUR NEW 
DEALER KIT! 


RADIOS 


SCHAEFER 
RADIO CO. 


130 West 

Fayelle SI. 

Denver, IA 
50622 
PHONE: 


5 
(319) 984-6115 P1D0BX 
26 ea GE Mast PRO 6 ft Indoor Cabinets 

FAX: 14 ¢a, HT220 Slimline Rapid Chigrs. NLN6895 
319) 984-6220 (ERR ee anes cena te a 
{ 15 0a, u ges. 

{ } 13 ca. MT500 Omni Std, Chg 5. nut 

6 ea, MTS500 Omni Vehicular Crors., NLNGE92 

8 ea. Pulsas tl VHF IMTS Phones, mined moxtals 


¥ 1000 
75 ea. Mocom 70, 37 MHz. T51BBN1100 
21 ea, Tone Remote Consoles, T1604M 
60 ea. Tone and OC Remote Desk Sets 
Mbeed Modets: T1926, T1380, T1902 
Desk Sets, 11370 


3255 5 es = 
SHARGECUARD. 
400 Highland Avenue * 
Altoona, PA 16602 


Rte 


1991 CnargeGuara 


ICOM F30LT VHF / F40LT UHF 
portables. Retail $799/$859. Dealer 
$599/$639. Ninety-six channels, 8 digit 
alpha, front panel or PC programmable. 
Upgrade your H/U16. ICOMS ee 
sold and repaired. 


SWS Security 410-879-4035 {Com 


Circle (109) on Fast Fact rene 


CHANNEL ELEMENTS 
YOUR FREQ. - $20.00 


with trade-in/3 working days 


Lowest prices aus 


800-231-0103 


International (USA) 
oO PAGER CRYSTALS 


| COMMUNICATION CRYSTALS 
— CHANNEL ELEMENTS 


= Recrsyalled 
= Complete Elements 


48-HOUR 
SERVICE 
AVAILABLE 


(606) 283-5000 
FAX: 1-606-283-0883 


1438 Cox Ave.. Erlanger. KY 41018 
(Greater CincinnatiArea) 


"Precision Quaility Quartz Crystals- 
Made to your Specifications” 


Circle (108) on Fast Fact Card 
TOWER LITE OUT? 
| | Don't wony... 

The Bramco 
Tower Lite 
Monitor 
Will Phone You 
and 


Tell You About It! 


Signaling and 
Control Is 
Our Business. 


REEDS and 
FILTERS for 
PAGERS 


Brasreco, inc. 513-773-6255 


Piqua, OH Fax: 773-8003 
Circle (110) on Fast Fact Card 


COMMONWEALTH 


} COMMUNICATIONS INDUSTRIES, LTD. 
602 Lickinghole Road/P.O. Box 312 


Ashland, Virginia 23005 
Specializing in Automated Paging Equipment 


Bus: (804) 798-9128 
EARL T. Van STAVERN Sales Calls: 1-800-633-8844 
Chairman & Sales Manager FAX: (804) 798-5114 
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SLOeWPOKE 


Powerdetlay timer 
* Delays power-down after ignition 
has been turned off. 
* Installs easily inside any radio. 
* Programmable Time Settings 
Dealer Pricing Available 


,9 RETAIL 
1-800-336-6825 


Master Card * Visa * Discover 
American Express Accepted 


Hours: Monday thru Friday 8:00 A.M. to 7:00 P.M. E.S.T. 
D&L Wholesale Center * 3512 Cavalier Dr. * Ft. Wayne, IN 46808 


Circle (111) on Fast Fact Card 


CELLULAR & PAGER LABELS 


2 Labels for pagers, cellular phones and two-way radios 
SA with your company’s logo. Warranty labels for batteries. 
ear ras g 
aX Sor Bar-code and printing systems. 


Call us for free samples. 


ADVANCE LABEL & TAG 


1725 N. McDonald St. 


ee OS, 
ALY. McKinney, TX 75069-8230 


1-800-466-5345 FAX: 214-548-2518 1-214-542-5345 
“Our years of experience are your best Insurance” 


\ COMPATIBLE. MOTOROLA®Rapio > 
~- PROGRAMMING EQUIPMENT 


| PA-3* Pocxet Proc 
2 @ Micro-Size Design for Co 


and Field Use. 


Uses Surface Mount 7 


Rechargeable - Wo 
Supports Full Sp: 
Motorola @AR 
Includes AC 


Gemini, STX 821, 147 ¥. Wieuen Re 


MAXTRAC ®, and more! 


SPECTRA RADIUS @ MO 


Prices Subjeci to Change Withou: 


olice Established 1983 


Circle (112) on Fast Fact Card 
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Atlanta, GA 30342- 


Equipment for sale 


Model VR-100 Low Power UHF 
Vehicular Repeater 


* Motorola PAC/RT® fully compatible 

¢ “First man out" with priority sampling 

¢ Multiple vehicle operation: up to 256 units 
¢ LTR® and Motorola trunking compatible 
¢ Rugged one piece extruded aluminium case 
¢ Compact: Only 5%"W x 6"L x 1.1"H 


© Public Safety - Wide arca coverage without satellite receivers 
¢ EMS - Paramedics maintain communications even inside buildings 
¢ Utilities - Crossband repeat works with existing lo-band systems 
¢ 800/900 Trunking - Mobilecoverage witha low power handheld 
¢ Fleets - Eliminate pagers, cell phones a ae 


\ 


and missed at. 


“Motorola Radius ‘Special+ 
“New Factory Fresh” GP 300 UHF 16 CH. With All 
Accessories. As Always Below Dealer Cost..$508 
CLEARANCE ONALL USED EQUIPMENT 


Buy them before we have to inventory them. 
MTX-800 S. Sys 
MTX-800 Multi- ee 


SPECTRAS, 800/900 MHz ..... . None over $499. ‘p0 
Gy "NEW" High Power Maxtrac Mounting Brackets (HLNS404R) 1/2 NSO at $5.% each 
AFew Salesran Demo VISARS, MTX 8000/9000, MT2000 and HT1000s remain, theyl ga FASTH J 


PROCOMM = Information & Fax: (805) 497-2397- 
Orders (800) 497-2394 


POWER SUPPLIES 
75 AMPS 


Continuous Duty 


9 POUNDS 


* LOW RIPPLE + 
* CURRENT LIMITED « 


* FILTERED « 
» REGULATED + 
* EFFICIENT 
* MOV PROTECTED « 


7 TO 75 AMP MODELS AVAILABLE 


DuraComm Corporation 
438 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
1-800-467-6741 
Fax 1-816-741-7499 


olNer products, are 
Trosiens ks of 


Classified 


MOTOROLA Radiuy 


CALL NOW for HUGE 
INVENTORY REDUCTION 
SALE ON: 
VISARS, MTX 8000 & 
9000's SPECTRAS, 
MINITOR II's, AND PRIVACY 
PLUS MOBILES. 

ALL FROM OUR DEMO FLEET 
1-800-249-1250 
WETEC ELECTRONICS 


VISA ACCEPTED 
GEN ERAL Prices 


DISTRIBUTORS OF MOBILE COMMUNICATIONS EQUIPMENT 


Wholesale 


Largest Inventory * Quality Service ° Fastest Delivery & Best Prices 
5157 Anton Drive « Madison, WI 53719 * 608 271-4848 + Fax 608 274-2080 


800 356-3200 


Because your business takes you everywhere. 
om Mobile 
- Communications 


BUYING ERICSSON-GE EQUIPMENT 
CALL OR FAX FOR QUOTE 
1/4 KW GE sta. blower motor, new 
Mastr Il base sta wire harness .. 
MPD VHF 5W wiscan . 
MPX/MPR new parts, large aty. . 
MPI! 8-Unit multicharger, checke 
Delta-S 450-470 less acc. 100W 
Delta-S 450-470 40W S-990 acc... 
Delta-S 450-470 40W no acc. ... 
Oalta-S 42 oe less acc, 110W 
MLS 150-174 
MLS-I Controls 16 ch. non scan 
Phosnix-SX VHF 16 ch, scan 
MVS NPH20 VHF 16 CH 
Exec. cables new ....... 
PLS/MPO/MPA Multi-c 
PLS/MPO/MPA/TPX Rapid desk new... 
MASTR Il 150-174 110W from... 
MASTR Il 42-50 110W wace. ... 
MASTR Il Accessories, complet 


MASTR |} Multi-channel cables . 
MASTR II C-500 w/scan ar PA... 
§- 825 scan or systems w/warr. 
§-990 128 ch head w/warranty . 
§-950 128 ch haad w/warranty . 
MPS/MPR/MPX/MPI/MPD Chargers ... 
NEW LONDON TECHNOLOGY — 
231 Old Timberlake Road 
Forest, Virginia 24551 
TEL 804-525-0068 FAX 804-525-0078 


PAGER & CELLULAR 
BILLING SOFTWARE 
800-466-6261 


CALL FOR DEMO 
PAGE-1 SOFTWARE 


1467 LeMay #111 


Circle (122) on Rapid Facts Card 


COMMUNICATION 


For Pagers, Cellular Phones, 
and all types of custom labels 


Anchor Graphics Inc. 


Tel. (214) 242-0439 
Carrollton, TX. 75007 Fax.(214) 242-0959 


Equipment for sale 


WE HAVE 
THE LARGEST 
INVENTORY 


Tired of hearing " |’m sorry, we 
don't seem to have it in stock 
right now... 


At Ee Con7, we know how ., 
important it is to maintain 
continues radio 
communications 

at its best !!! 


LOTS & LOTS 


of everything you need !!! 

Call us... and avoid the 

"I’m sorry.. " routine! Over 3000 different products 
to choose from more 

than 200 manufacturers !!! 
— a oe F 
lS ge FTES Ch 
EL PASO COMMUNICATION 
SYSTEMS, INC. 


1630 PAISANO DR. 
(915) 533-5119 FAX (915) 542-4701 
EL PASO, TX., 79901 U.S.A. 


US. Free Fax 
1(800) 524-6564 
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4-watt / 2-channel 
only $365 


Through 3/31/95 
Limited Quantities 
Super Discounts 

On All Radius Everyday 


es 
SAFARI 
RADIO 


Automatic [ON/OFF] Delay Timer 


* Programmable 15 minutes to 12+ hours — 
* pines 30 continuous amps al 12 volts 


» Easy to Install 
se & Hardware « Eliminates battery failure/replacement 


Bi included DG200 , ‘piece your radio & cellular phone 


= mily owned & operated since 1985 
d ei 283-5158 « «Made In THE USA with 1 year warranty 
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BUY - SELL 


RADIOS 
NEW & USED 
Johnson - Motorola 
Standard - Uniden 


Buy-Comm-Co. 


Steven Kenney 


1-800-347- 4121 


(602) 585-3900 
FAX (602) 585-6900 
29669 North 45th Street 
Cave Creek, Arizona 85331 


USED 2-WAY RADIOS 
Call Sid Cohen 
at AIR COMM—Phoenix, AX 
(602) 275-4505 « Fax (602) 275-4555 
30%-70% savings on Motorola, GE, EFJ mobiles, 
base stations, portables, pagers, repeaters— 
primarily solid state—all frequency bands. Also, 
accessory items: Motorola “Systems 90” con- 
trol heads, PL and paging reeds, channel ele- 


purchase of above equipment. 
4614 E. McDowell Rd. 
Phoenix, AZ 85008 


© GP300, P200 

¢ Mobiles, Repeaters 
* Intrinsically Safe 

* Dealers Welcome 


1-800-822-MOSS 


COMMUNICATIONS 


MOTOROLA 
RADIO RENTALS 


* MT1000, HT600, P200 

* Intrinsically Safe 

* All Types Headphones 

¢ Mobiles & Portapacks 

* Repeaters & Crossband 
Sets 

* Dealer Inquiries Invited 


1-800-283-COMM 
EVENT RENTAL COMM., INC. 


1-800-548-2151 


Brower Two Way Radio 
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1113 Call or write for 2-9220 
Billings emt 39102 current yer. Fax: 408-280-9617 


Equipment for sale 


WHEN QUALITY COUNTS, CALL 


Osh 
CRYSTALS -ELEMENTS 


44 YEARS IN THE INDUSTRY 
EXPEDITE SERVICE 


C. W. WOLFE COMMUNICATIONS 


All Brands of 2 Way 


Radios and 
equipment 


TRADE 


MENTION THIS AD 
AND RECEIVE OUR QUICK REFERENCE TO 
sata AND PAGER ae FREE. 


1- 800-725- 1426 | 1- 800- 322-9426 


INTERNATIONAL CRYSTAL MANUFACTURING. C 
P.O, BOX 26330 + OKLAHOMA CITY, OK Pike 


Lowest prices PERIOD! 


800-231-0103 


USED RADIOS 


at Low Prices! 


Save 70% on Hark equipment! 


550/550EX/350/350EX/450EX 
Also various Tellabs 2W to 4W (6131B) 
Wescom 2W to 2W Amp. (7306-32) 


*MICOR *GE 
eMITREK *RCA 

*PORTABLES * ACCESSORIES Call Tony @ 208-522-0750 
*MOCOM 70 TONE ELEMENTS 

*MAXAR *CHRYSTAL ELEM 


*RPTRS *BASE STATIONS 
Large Quantities + (817) 433-5452 


PAGING AMPLIFIERS 
VHF-UHF-900 MHz 
40 to 300 watts, continuous duty! 
Electronically protected, + 2 yr. warranty. 


1-800-LH-AMP-4U 310-865-4923 
LH Power Amplifiers, Inc. 


Computer software 


Radio Propagation Software for PC's / WINDOWS 


« LMR Predicted Area Coverage - Multi-Site Composite Coverage Maps 

* No Radial Generation Required - Real Time Propagation Study / Profiles 
* DXF /HPGL Output - Direct Interface with AutoCAD, TurboCAD, etc. 

¢ Multiple Propagation Models - Okumura, Field Strength, Shadow Maps 

e VHF / UHF / Microwave Point-to-Point Path Profiles and Link Analysis 
* 3 Second Digital Elevation Data on CD-ROM and Floppy Disk 


@ Rocky Mountain Communications, Inc. 
z == 2023 Montane Drive East @ Golden, Colorado 80401-9123 
ess Tel: (303) 526-5454 @ Fax: 526-2662 @ BBS: 526-2723 


NORTON ENGINEERING 


MICROWAVE SYSTEMS RADIO COVERAGE 
© On-Screen Path Profile Design * Coverage Diagrams -Single Signal Level - Black 
& White 


* Covermpge Diagrams - Multiple Signal Level - 
Multiple Color 


* 360 Radials - 12 §. 25 and 50 Mile Radius 


* User Defined Amenna Pattern 


Equipment wanted 


Equipment Wanted 
Motorola, Johnson, GE, 
EFJ, Uniden, Standard 
Buy-Comm-Co. 
1-800-347-4121 
FAX (602) 585-6900 


* Diffraction Loss Calculations 


* Reflected Signal Analysis 


* Route and System Diayrams 

* Map Crossings Graphic with Dimensions 

= ‘Performance Predictons “)Anslog & Digial * Antenna Radiation Diayram Plot 

+ Hush Resolution Graphic Printing - Printers & 
Plotters - Black/White & Color 


* Reads 3-second Terrain Data 


* Relief Maps - Multiple Colors 


* Reads 3 Second Terrain Data 


10002 McDuff Court FREE BROCHURE 
Vienna, Va 22181 AND 


Phone: +1 703 938-5745 
Fax: +1703 938-9168 DEMO DISK 


Circle (127) on Fast Fact Card 


UTD Rap Tracing for Urb: 
| a ES 


CONSULTING SERVICES 


* Microwave Systems 

* 2:-Way Radio Systems 

- Telemetry SCADA Systems 
* Path Survey & Analysis 

* Speciticatons & Licensing 


U.S.G.S. MAP DATA BASE; 30 SECOND & 3 ARC SECOND DATA BASES 


CONTACT: JERRY SIMMONS 
P.O. Box 884, Montgomery, TX 77356 - (409) 588-3200 + FAX (409) 588-4434 


CUSTOM RF SOFTWARE TOOLS 
Coverage Digital 
* Digital/Analog *Throughput 
*Reliability *Response time 
*¢2D contours Fast Color Printer plots 
*3D terrain grid Map Features 
Simulcast Interference Minimization & Others 


CMC CONSULTING (214) 612-8880 


The Service Processor computerized Work 
Ticket, Automatic inventory adjust, Auto Ticket Pricing. On tine 
service history MA of TRM. MA records. Frequencies Cap Codes 
Etc. On line Help. Generate any Report, Easy to use, Character ori- 
ented, or mouse driven, Network, DOS or Windows Version Available 
*** DEMO, ACTUAL SOFTWARE, FREE *** 
Midwest Data Service 
P.O. Box 178, Philo, IL 61864 
217-684-2641 1-800-553-6791 


SPATCH 
Alphanumeric Paging Software 


for UNIX and PC Networks 


(404) 495-0718 


ENGINEERING AID SOFTWARE 


With more than 20 years experience in propagation 
modeling, EDX is the world leader in innovative PC 
coverage and link analysis software. We offer proven, 
affordable PCS system planning tools including: 


0 Multi-transmitter coverage prediction with 2-D and 3-D 
plots of signal levels, C/I ratios, and most likely server 
studies (MSITE™) 

QO Microwave link studies with interference prediction 
from other links and PCS transmitters (TPATH™) 

O Selectable propagation models (TIREM, Okumura, 
FCC, CCIR, etc.) with time and location statistics 

O The first PC-based UTD ray-tracing software for urban 
PCS and indoor wireless LAN design (MCS™) 

O The first complete US 3 second terrain database on a 
single CD-ROM 

Q Terrain databases for the U.S., Great Britain, Canada, 
Mexico and other countries on CD-ROM or diskette 

O Custom terrain, groundcover, and building databases 

O EDX programs are full 32 bit applications 

O Demonstration disks available 


EDX is your single source for propagation prediction tools 
and databases. Send for our full color catalog today. 


EDX Engineering, Inc. 


P.O. Box 1547, Eugene, Oregon 97440 USA 
Tel: (503) 345-0019 Fax: (503) 345-8145 
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MICROPATH Delivers 
USGS 30 Meter DEMs 


FAST! On-Line & On-Time 
Over 31,000 1:24,000 DEMs In-Stock 


* Microwave Calculations 
* Path Profiles (Graphics) 
* Mobile Coverage 

* Multi—Point Calculations 
* HAAT Calculations 


Why pay more elsewhere? 
Same pricing as USGS! 


Waiting 2-4 weeks for delivery? 
BBS download on demand and 


Service. Sales - SMR Billing overnight delivery available 


Pager Billing - Accounting 


DEMs available on: 
3%” DOS Disk, Custom CD-ROM, 
8mm / 4mm Tape, 9-Track Tape 


Computer Resources, Inc. has the 
solution for all types of two-way radio 
billing and management problems. 
Systems are available on DOS, Novell, 
Lantastic and UNIX. The CRI system is 
modular and completely intergrated. We 
can provide complete solutions including 
software, hardware, and training. 


205-987-1523 / 205-987-1709 FAX 


Quickly identify your map data needs! 
You can graphically select the correct 
DEM / DLG / Quadmap easily with 


‘Map Wizard for Windows 


® Call for FREE demo disk! 
Or download WIZARDMP.EXE from our BBS) 


MICROPATH 


| Tel (303) 526-5454 / Fax (303) 526-2662 
BBS (303) 526-1023 


Intamet; 76341.2442@compuserve.com 
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Identify and prevent RF 
communications site interference 
- Transmitter Noise/Receiver Desense Analysis 
- Intermodulation Signal Level Anotysis 
- Eliminates Manual look-up of filter curves 

“See our display ad on page 69". 


Mm 


For a brochure, call 1-800-845-0408 
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CDS has been the leader 
in high quality propagation 
analysis software andservices 
for over twelve years - 
RFCAD™ isthe keystone in 
our line of RF-Engineering 
Tools™. 

For the most efficient, 
effective, and accurate 
Multiple Site Coverage 
Analysis PC software 
package in the industry, there 
isonlyonechoice: RFCAD™, 

In addition to the PC 
software package, CDS also 
offers UNIX based 
propagation packages, Online 
Remote Access Propagation 
Services, and an array 
of additional services and 
products. Please contact us 
today to request the latest 
catalog of services. 


* Microsoft Windows Application 
* Received Power Analysis 
* Multiple Site Composite Coverage 
{any manber of sites) 
* Land Use and Land Cover 
Data Base Available 
* Statistical Analysis of 
Model Performance Available 
* Multipie, Propagation 
Models to Choose From 
(Longley-Rice, Biby-C, CRC) 
* 3 Second Terrain Data Available 
on Single CD-ROM 
For U.S., Canada, and Mexico 
» Field Data Integration 
* Demonstration Disks Available 


6105-E Arlington Bivd. 
Falls Church, VA 22044 


¢ Communications 
) (703) 534-0034 - (800) 441-0034 


Data Services, Inc. 


Circle (117) on Fast Fact Card 


RECAD 


FOR WINDOWS IS HEE 


To Your RF Coverage 
and Site Management 
Problems... 
On your own PC! 


Whether microwave, multi-site, or field strength coverages, our Ter- 

rain Analysis Package (TAP)™ helps you understand everything from 

dBu to 3-D plots and site management software. Give us a call and 

we'll tell you how. Do “what if” studies and solution analysis in-house! 
Call for free brochure & demo disk. 


SOFTWRIGHT, LLC 
1010 So, Jouiet St, Suite 204 
Aurora, CO 80012-3150 USA 
. Ter. (303) 344-5486 
TeLeTAP (BBS); (303) 344-5378 (9600, N,8,1) 
Fax: (303) 344-2811 
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Applied Spectrum Research 


Frequency Management 
Consultation 
Software Development and Planning 


2975 Valmont Rd, Suite 100 
Boulder, CO 80301 USA 
(01)303 444 4871 

Fax: 303 444 4872 


John P. Murray 


Repair services 


NS ELECTRONICS SERVICE INC. 


COMMUNICATIONS MONITORS SALES & SERVICE 
N.LS.T. TRACEABLE CALIBRATION 
CUSHMAN IFR 
DISTRIBUTOR FOR SALES NEW-USED 


OPTO ELECTRONICS, INC. 
3610 Dekalb Technology Parkway |CALL | 
Suite 110/111 
Atlanta, Georgia 30340 


(404) 451-3264 
Fax: (404) 458-8785 


AUTHORIZED 
CUSHMAN SERVICE 


MOTOROLA 
PORTABLE & PAGER REPAIR 


* PAGERS $ 10 + PARTS 
« PORTABLES $ 29 + PARTS 
$ 49 + PARTS 


« SYNTH. PORTABLES 
* QUICK TURN AROUND @ FREE RETURN SHIPPING 


TEL: 305-983-0125 FAX: 305-983-0324 


8362 Pines Bivd Suite #395 
Pambroke Pines, FL 33024 


ARCOM, INC. 
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REPAIR of {MOTOROLA PORTABLES 
$35 GO FLAT AATE 


PLUS PASTS & SHIPPING 
© Quick turn araund 
* VHF, UF, THUNKED 


CALL 602-240-0479 


LOUDOUN COMMUNICATIONS, INC. 


Communications Systems 
REPAIR DEPOT 


Microprocessor based Mobiles, 
portables, controlheads. 


GE Warranty Processing 
Fast turn-around 

585 Factory Shoals Road 

Austell, GA 30001 


404/948-9566 


$25.00 FLAT RATE 
Pius Parts & Shipping 
On the following models: 
XLH-250 RH- 


REGENCY/WILSON 
“OTHER MODELS—S30/HR Plus Parts & Shipping 


OM == + FAST TURNAROUND 
7608 Noa » FACTORY TRAINED 
405-799-7356 800-880-7356 _* VISA - MASTERCARD - COD 


Classified 


MOTOROLA 
Authorized Service 

« Authorized warranty Service 

* Quick Turn Around 

* Flat Rate Repair Available 

* Free Estimates 

* Quantity Discounts 


COMMUNICATIONS SOLUTIONS 
(7183) 547-3683 


BENDIX / KING 


Authorized Service Center 
Repair Services for all your 
communications needs! 

* FREE Estimates * 90-Day Warranty 
* Quick Turn-around *FM/AM/SSB/ CW 
* Northwest Location 


SKYLINE RADIO (503) 663-5858 


lk, Meera 


Tell Our 
Advertisers 
You Saw it 

in 


MRT 
CLASSIFIEDS! 


WOULD YOU TRUST YOUR 
BEEPER TO THIS MAN? 


em BE 
2’)- FOOLED 
(ig By so-called 
‘ +S “Beeper Experts” 

The Industry has seen them come and go 


LAZER BEEPERS, INC. 

offers Quality Service by 

Experienced Technicians 
PLUS... 


* Low Flat Rates 

* Buy & Sell Used 
Beepers 

* Recrystallization & 
Recoding 

* Software 

+ Need Reps 


nS 
“SS 


* One - Stop 
Service Clinic 

* Fast Service Turn- 
Around 

* Satisfaction 
Guaranteed 

* All Brands 


LAZER BEEPERS, INC. 
1-800-354-3405 
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EXPRESS TECH 


GE TWO-WAY 
SERVICE DEPOT 


Make ExpressTech 
your service depot. 


Repair of GE Two-Way 
Mobiles, Portables, 

& Site Equipment 
EDACS & GE-MARC 


CONVENTIONAL 


Will Repair Hourly 
or on Contract 


800-52-EDACS 


3512 Cavalier Dr. « Ft. Wayne, IN 


is 
_ o 
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: Small cost. : 
e BlG results! e 
: MRT . 
$ Classifieds § 
. Call: : 
: (913) 3; 
: 967-1923: 


CUSHMAN 


NEW PRODUCT 
Model K-30 
10 MHZ Frequency 
Selective Levelmeter 


Model 7125 Service Monitor 


1GHZ Gen & Rec 
Spectrum Monitor 


New Features 
* Lever Switch Freq Entry 
* Decode DTMF/DCS/CTCSS 


MANUFACTURED BY: 
KNS ELECTRONICS INC. 
2146 BERING DRIVE 
SAN JOSE, CA95131 
PHONE (408) 432-8100 
FAX (408) 432-8359 
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1714 SW 23rd Street, Loveland, CO 80537 


Triton 


vy Electronics, Inc. 


SERVICE MONITOR 


REPAIR & CALIBRATION 
Exclusive monitor repair since 1973 


NIST TRACEABLE 
Cushman, IFR, Motorola, Marconi 


4300 Lincoln Ave., Unit O 
Rolling Meadows, IL 60008 
(708) 934-6426 Fax (708) 934-7195 
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Tower space 


PRIME NORTHERN 
NEVADA SITES 


Our newest, Pond Peak, at 8035' 
AMSL, 2635° AAT, Emergency Pow- 
er, Air Conditioning, Overlooking 
Reno, Fallon and the I-80 corridor, 


702-825-2626 
GREAT BASIN COMMUNICATIONS 


We've got 
Northern California 


One call gets all the facts on 
how to cover the major popula- 
tion centers from more than 30 
sites...with air conditioning, 
back-up power, remote moni- 
toring, and much more. 


DiaBLo Communications, Inc 
1220 Brickyard Cove Road, Suite 200 

Point Richmond, CA 94801 

(510) 236-3700, Fax (S10) 236-3799 


Circle (123) on Fast Fact Card 
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Pager repairs 
44 YEARS OF QUALITY 


DSi 
PAGER, PORTABLE REPAIR 
MOTOROLA, NEC, SHINWA, GE, RELM 


CLEAN, REPAIR, TUNE, 
ALIGN TO FACTORY SPECS 


somes” 1 9°95 PLUS PARTS 
PORTABLES $ 4 5 60 PLUS PARTS 


EXPEDITE SERVICE AVAILABLE 


PHONE | FAX 
800-725-1426 | 800-322-9426 


INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC. 
729 W. SHERIDAN = OKLAHOMA CITY, OK 73102 


Tower space 


40+ choice antenna 


sites in California. 


¢ Stand-by Power / Air Cond. 
* Continuous Monitoring 

* High-Security Access System 
* Land available for develop- 


ing your own site at 
Oat Mountain, Chatsworth 


in Meridian | 
Communications 


Great sites, great service, since 1956, 


Call Rich or Jack Reichler at 


(800) 400-SITE 


RF RADIATION MEASUREMENTS 
ANSI/IEEE - 1992 


MVROTT 


COMMUNICATIONS GROUP 


1425 GREENWAY DRIVE, SUITE 350 
IRVING. TEXAS 75038 
214/580-1911 » FAX: 214/580-0641 


ENGINEERING COMPANY 


THE BEST SITES IN 
Houston, Chicago, Atlanta, Denver, 
Nashville, Louisville, New Orleans, 
Ft. Worth, San Antonio, & Corpus Christi 
11111 Katy Freeway, Suite 360 
Houston, Texas 77079 


(800) 966-8885 Fax (713) 984-0066 | 


Quality Pager Repair 


Motorola Uniden NEC 
Digital Alphanumeric Voice 


Tone Only 
Frequency and Cap Code Changes 
Band Changes LCD Replacement 


Discount Parts and Accessories 
Flat Rate Repair 
Genuine Motorola Parts 
¢ Lowest Prices © Fastest Turnaround 
@®D Call for Free Catalog and Price List SE 
The Radio Communications Group Inc. 
10 A 


Nantic Avenue, Woburn. MA 01801 
617-937-3730 Fax 617-938-9098 


Tower space 


ARIZONA’S PREMIER 
TOWER FACILITIES 


Contact Rick or Charlie Bonifasi 
ANTENNA SITES, INC. 
602-998-7222 


NEED TENANTS?? 


Advertise your sites in the 


NATIONAL COMMUNICATIONS 


SITE DIRECTORY 
Dedicated to advertising antenna sites for lease 


NEED SITES? 


The NCSD cantiins thousands of prime 


antenna sites, al] with space for lease 
Just $15 per year. For information call: 
Tel: (908) 462-5964 Fax: (908) 308-4633 


WESTERN WASHINGTON 
Commercial power with generator backup. 
Good security. Year around access. 
Five Sites 
GOLDSPAR COMMUNICATIONS 
Alan Robinson 
206-475-9430 Fax 206-475-9410 


Mobile 
communications’ 
#1 market- 
place 
MRT 
Classifieds 
913/967- 
1923 


TOWER AND EQUIPMENT SPACE 
On St. Thomas with a panoramic 
view of US Virgin Islands. A/C, 
Standby power, telco facilities and 
engineer resident on site. 
AVALON COMMUNICATIONS CORP. 
809°776+8282 fax:809*774*8204 


Tower services 


We've got you 
covered. 


For superior antenna site coverage along with the Quality and Customer 
Service you expect from an industry leader - choose Motorola. Our 
nationwide network of antenna sites offers you space on thousands of 
premier antenna sites across the country. Contact Motorola Network 
Services Division today for your local and national site needs or to find out 
more about our site planning and management services. 


sooo TOWERFUL’ 
COMMUNICATION SITES 


for expanding coverage 


* Cost Eflicient Perlormance * Competitive Prices 
* Nationwide Sites * Prompt License Filing 
* PAGING *PCS «SMPVESMR «MOBILE DATA ~BROADCAST 


615-775-8079 


P.O. BOX 23387 » CHATTANOOGA, TN 37422 
“One Call and Your 


SIGNAL ONE © 
BAT Cornmnunications 


Corporation 


ON TOP OF THE WORLD 


U.S. Network Services Division, 
Antenna Site Information 
708-538-6333 


Network Services Division 
4 1309 E. Algonquin Rd. 
er Schaumburg, iL 60196 


© Motorola, 1991. 


# ara Motorola are trademarks of Motorala, Inc. 
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experience to provide tip-top) 


"so wy cima soe? MA wil pe] | TOWE SPACE Publications 
above the competition and on top 


of the world. 


Now Available 
AUGUSTA, GA- 6 NEW SITES 
INDIANAPOLIS, IN - 10 NEW SITES 
MONTGOMERY. AL - 5 NEW SITES 


PCS & Receive-only 
Sites Available 
PARKSIDE CORPORATE CENTER 
292 Fernwood Avenue, Edison, NJ. 08837 
Call: T.E. Smith at: 908-417-3993 » 

Fax: 908-417-48 


19, 


Complete 
Your 
Wireless 
Library 


TEL: (708) 823-7713 


CHICAGO TOWER 

LEASING CORP. c 
COMMUNICATIONS . 24 6 sq. ft. 
TOWER & ANTENNA 32 8 sq. ft. 


SITES FOR THE 36” 18 sq. ft. : 
This best seller has rapidly become the 
St ” picly 
STAN STANN METROPOLITIAN CHICAGO 32 12 sq. ft. iacleciey shanelced relasétich that Giplonis the 


AREA PO Box 31160 intricacies of designin: lli d 
=| . ing, installing on 
CHICAGO. IL 60631 81 6 882 2734 operating o worldwide cellulor network. 
This third edition includes 52 chapters and 
over 300 illysirations. $185 


With Quantum 


Celiular Radio Handbook 
revised 


Wireless Data Handbook 
This new book includes chapters on the 
technology and applications of two-way, 


wide area, terrestrial and wireless data 
[including CDPD} for corporate managers, 
marketers and engineers, $79 


Paging Technology 
Tower Monitoring Systems Handbook 

Includes practical information about the 
history, theory, technology, network 


* FAA Reporting and Logging structure, applications, and limitations of this 
(to meet FCC & FAA requirements) expanding field. $95 
090-475-1780 * Lighting & Security Alarm Equipment Mobile Satellite 
- - - : - Communication Handbook 
1-8 * Central Station Monitoring A comprehensive overview of history and 
‘ technology, major existing and proposed 
Dealer Inquiries Welcome satellite systems, geostationary, LEO's, date 


services, terminal equipment, fleet dispatch, 
hardware and networking. $95 


Get our free 32 page catalog. 
Call Quantum Publishing today! 


(800) 422-9666 
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Company 


Advanced Receiver Research 

Allen Telacom Group 

The Antenna Farm ou... 
Argus Business 

Astron Corporation 

Automation & Electronics Engr. . 
Avcom of Virginia . 


Bramco, Inc. .. 

CELWAVE 

Channel Element Headquarters 
Chargeguard Corp. .......esceeeeneseseeeeses 87 
Cimarron Technologies 

David Clark Cou, ING. ....ececceeceseereese 14 
Combined Technologies, Inc 

Comm-Net 2000 


Communications Associates, Inc. ...... 85 
Communications Data Services 
Communications Specialists 
Connect Systems, Inc. ..........00 11,44 
Control Signal Corp. ......:cceceseeceseeseee 12 
CryStronics, ING. ....ccccecescesseesessesestseeee 80 
Cushcraft/Signals Corp, .....:ceseseeees 15 
Diablo Communications, Inc. ............. 94 
D &L Communications, Inc. .........86,88 
D &L Communications, Inc. .. yoo 9S 
Doppler Systems, Inc. ............ sesh 
Douglas Integrated Software . 69 
Duracom ee BT 
58 
Eagle Telecom Intl. .....cccsesescesereseers 30 
EDX Engineering, IMC. ...........eseeseeeens 94 
Electrocom 68 
89 
35 
... 86 
Fourth Dimension axed 
Frequency Management . oe 86 
Gamber Johnson wen 42 
Grayson Electronics Sree Fd 
Haewa Corporation 
Harger Lightning Protection 
Henry Radio .......... cece 
Husterilienancusaavernanunei 25 
Hutton Communications ... 40 
Hy-Q International ies B7 
IFR Systems, Inc. ..... wee OD 
JBRO Batteries, Inc. oo... cece 29 
KNS Electronics Inc 93 
Larsen Electronics feet 
EPRI UI nen casscsaysascietie ya pesse unas tapieestenevene 
Lazer Beepers, Inc. 93 
Leathersmith ... 12 
Martronics Se = 
Maxon America, Inc.......... | 
McManus Communications .... 80 
Mechem Electronics ............:..0.000. 84 
Metroplex Mobile Data 
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203-582-9409 


... 800-229-4706 


800-255-6222 


«404-618-0499 


714-458-7277 
800-527-4596 


+11, 804-794-2500 
... 800-526-3935 
313-773-6255 


800-321-4700 
800-237-9654 
800-458-3410 


s+e02- 800-487-7184 
.- 508-751 -5800 


513-595-5300 
503-672-6475 
303-962-9998 
800-435-9313 


.-.. 800-441-0034 
800-854-0547 
... 800-545-1349 
.-- 303-989-8000 


305-566-6949 
800-258-3860 
510-236-3700 


106,111 ... 800-336-6825 
120...........800-336-6825 
602-488-9755 
.». 904-656-8673 
... 913-746-8300 


602-204-2597 
713-280-0488 
503-345-0019 


«310-946-9493 


915-533-5119 
800-GE1-2345 


v1 914-245-1128 
++. 916-467-1220 
.». 800-800-9825 
. 715-344-3482 


800-800-7465 
800-783-4239 
708-362-4848 


... 800-877-7979 
.« 800-949-9490 


800-442-3811 
606-283-5000 


we. 316-522-4981 
... 800-323-3779 
- 408-432-8100 
.. 800-426-1656 


619-661-2500 
800-354-3405 
800-233-0440 


.. 805-239-1932 
«816-891-6320 
.». 501-763-6250 
.... 703-891-0569 


305-739-0850 
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Midian Electronics, ING. .......cccseeee 27 
Modular Communication Systems ..... 48 
Motorola C&E 
Motorola GPID 
Motorola Test Equipment §,24,52 
MX-COM ANG: ncsccnancncins 7 
NEG Amiorica (ne isiscccscsizessccciecsciees 41 
New Mar 
Norton Engineering 
Pekaar Communication, Inc. .............. 85 
PROLOCOMM, INC. ........eeeeeceseseesentereerene 66 
lid?) Fal [eS grrere terre er Semen er ee 9 
Polaris Industries 
Polyphaser Corporation 
Positron Industries, INC. oo... css 
Power Conversion Products............... 
Pyramid Communications 
Quantum Publishing Inc. «0.0.0.0... 
Radiocomm Assoc of Canada 
Radio Express, Inc. .........0 
Radio Midwest ......... 
Radio Wholesale 
RAM Communications Consult. ... 
Ramsey Electronics 
RCW Distributing ......... 
Rocky Mountain Comm 
Santa Fe Distributing 
Sentry Manuf, Co. w...... 
Serviceware Corporation 
Sharp Communication 
Shinwa Communications of AM 
Shure Brothers, INC. .....cccssescsssesesseres 47 
Sinclair Radio Laboratories 
SMR Won 
Softwright 
Solar Electric Specialties 
Survey Technology 
Talley Communications 


TGA Systems, INC... csscesecesseseeseseee 51 
Times Microwave Systems 

Tower Watch 

Transcrypt International, Ltd. 

Trilogy Communications, Inc. 

Tripp Lite 

Trylon Manufacturing Co., Ltd. .......... 
TX RX Systems, Inc. 0.2.2.2... 

VEGA, A Mark IV Company 

Versatel Communications 

Vocom/RF Corporation 

Wacom ‘Products: (NG... cessrsesceneqeexenas 16 
WAVETEK GMBH 

West Coast Radio 
Western Multiplex Corp. . 
Wetec Electronics 
WirelessWorld Conference 
WirelessWorld Tapes 
ZetronjIneennenanoeaaie 38,55 
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800-520-7243 


6,22,47 ....800-235-9590 


800-638-5577 
214-751-7273 
800-854-3906 
703-938-5745 
201-772-0704 
800-223-9580 
219-936-4221 


112...........800-752-3571 


800-325-7170 
800-443-3313 
815-459-9100 
310-430-5892 
415-381-4488 
416-252-7791 
703-830-2911 
800-521-2468 
800-53R-ADIO 
908-636-6970 
716-924-4560 
800-726-9015 
303-526-5454 


vee 913-492-8288 


800-252-6780 
613-521-7391 
800-548-2484 
800-627-4722 
800-25S-HURE 

905-727-0165 
601-453-0662 
303-344-5486 
800-344-2003 
503-591-5986 
800-949-7099 
800-472-7373 
404-441-2100 
203-949-8400 


sssateeveer 919-233-2843 


800-228-0226 
601-932-4461 
312-329-1407 
519-669-5421 
716-549-4700 
818-442-0782 
800-456-5548 


800-USA-MADE 


817-848-4435 


415-592-8832 
901-286-6275 
800-458-0479 
800-458-0479 
206-820-6363 


Take A Serious Look At 


The Brightes 
Ae 


April 25-27, 1995 
Sands Expo Center 
Las Vegas 

Nevada USA 


In today's highly competitive and fast- val! ik 
aaa ag the 

gives you 
the most serious, in- depth look at the emerging 
and converging world of wireless and mobile 
communications. 

For the last 18 years, IWCE has played a major 
role in showcasing the latest products, advanced 
technologies and news-making information to propel 
the wireless industry into a future where the impossible 
is a thing of the past. 


Internctional Wireless Communications Expo 


> a, 
Ss 


. z SPRING tamB7 
ys! YOUR MARKETPLACE 
TO THE WORLD OF 
WIRELESS COMMUNICATIONS 
ea 


i 

And, unlike some newer, less focused shows, 
IWCE/Spring offers the most comprehensive 
educational program to keep you up-to-date on industry 
directions and applications. 

Advances in wireless communi- eS, 
cations are radically changing the ; a; 
world we inhabit today. Don't get 4 
left behind. Be part of 
—the largest event of its kind in the 
world for serious-minded professionals 
like you. 


re 6 


For registration details, fax 404-618-0441 or call 
800-828-0420 (outside the USA call 404-618-0499). 


International Wireless Communications Expo 


YOUR MARKETPLACE 
TO THE WORLD OF 
WIRELESS COMMUNICATIONS 


April 25-27, 1995 
Sands Expo Center 
Las Vegas, Nevada USA 


Sponsored jointly by Communications, Cellular 
Marketing, Global Communications, and Voz y Datos 
magazines; and TeleCommuniqué ASIA newsletter, 
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TP-3200 $279.95 
Fail Featured’ Shared Repeater TonesPanely 
With ALL [57 CT.GSS/DES codes, ‘In 
Desktop or Rack Mount-version: 


TE-64 $79.95 
Self-contained Encoder, Rotary Dial Selection: 
Gréar for. the Benchtop. 5:25" x 3:3"x47" 


PE-2P $54.95 


‘Two-tone Sequential Encoder. 
Sub-assembly: mounts inside radio 
or other enclosure. Multiple call 
capabiliry- 1.25" x 2.0" x .4" 


DCS-23 


Digital Coded Squelch 
Encoder-Decoder. Pro- 
grammable to all codes. 
1.36" x.1.18" x .25” 


$59.95 


TS-32P 


$D-1000 


Two-tone Sequential ‘Decoder, 
Programmable unit provides 
switched outputs from two-tone 
paging calls. 1.25" x 2.0" x .4" 


$57.95 TS-64 
Programmable CTCSS 
Encoder-Decoder. Tone 


squelch for any FM trans- 
ceiver. 1.25" x 2.0" x .4" 


(uality,:single frame, ‘color video over ANY 
narrow-handicommmunications channel: 


CC-1/CR-1 ; $49.95 each 
Surface Mount Component ‘Kits for-repairing 
SMF circuits. CC-l-tor capacitors/CR-1 for 


$59.95 DTD-1 


$64.95 


Sub-miniature Program- 
mable CTCSS Encoder- 
Decoder. 1.7" x .78" x .25° 


$59.95 


Single*Function DTMF| Decoder, 
Provides switch , outputs -via 
DIMF, 1.25"x 2.0" x .4" 


SS-32SMP 


Sub-miniature CTCSS 
Encoder. Jumper program- 
mable. .53" x 1.0" x .16" 


| 10-8 $89.95 | 
Automatic Morse Station Identifier, Meets all’ 
FOG Reamer field’ é 
mable with included /keypad, Li85"xt42" 35" 


PE-1000 $224.95 
Desktop Paging Encoder, ‘Two-tone sequential, 
shoei availablé=-7.5° x7.8" 2.7" 


PE-4/PE-15 $99.95 
Multiple'Gall POCSAG {RPC-1) 
Paging Encoders,’Where ditect 


control of local area paging is 
desired. 1-78" x 1.03" x35" 


$27.95 


$S-32PA $28.95 
Programmable CTCSS 
Encoder. Custom tones or 
audible tones also avail- 


able. .9"x1.3"x .4" 


The Sky’s The Limit! 


For over 25 years... 
bringing you tone signalling 
products that are as reliable as 
the day is long. Combine this 
with same-day shipping, toll- 
free technical support, and 
our no hassle one year war- 
ranty, and you'll realize the 


sky’s the limit in our efforts 
toward customer satisfaction. 

Shown are a few of our 
most popular tone signalling 


products. Call for details on 
these and all your tone signal- 
ling needs. A free catalog will 
be mailed upon request. 


~ COMMUNICATIONS SPECIALISTS, IN 


MY 426 WEST TAFT AVENUE © ORANGE, CA 92665-4296 cz 


] | 714) 998-3021 * FAX (714) 974-3420 
ntire U.S.A. (800) 854-0547 * FAX (800) 850-0547 


ss 


‘Outside USA or Canada: Jescom International, 1 Waters Park Dr. #117, San Mateo, CA 94403 USA « Phone (415) 574-1421 - BAX (415) 574-5297 - Also in Italy and Spain 
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